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1	Introduction
UE Power Saving WID was approved in RAN#83 [1]. The objectives are as follows:
	The objective 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 discuss the procedure of cross-slot scheduling power saving techniques.
2	Discussion
2.1	Indication Method
To provide the dynamic adaptation of K0, K2 and CSI-RS triggering offset according to traffic different approaches could be considered. As WID targets to specify a PDCCH-based power saving signal/channel, logically the parameters (minimum K0, minimum K2, minimum CSI-RS triggering offset) enabling micro-sleep could be adapted with that signal/channel. As agreed in RAN1#96bis there are three alternatives for the indication of the adaptation:

	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 




Regarding the considered alternatives Alt 1 and Alt 3 could be seen similar in a sense that they could be understood as masking/disabling certain TDRA entries, while Alt 2 targets to switching the whole set of TDRA entries when the indication is provided. Note that our assumption, and preference is that the minimum applicable value in Alt 3 would not overwrite e.g. the K0 value give in the TDRA table. When considering the different alternatives, we think that the impact of possible miss-detection should be accounted. 

If UE miss-detects the adaptation of cross-slot scheduling for Alt 1or Alt 2, UE would still be able to correctly decode the DCI, while it would not be able to necessarily receive or transmit according to the scheduling. If UE misses the indication to increase the minimum offset (or apply mask), naturally UE would not be able to apply the power saving, but there would not be system performance impact. For the adaptation to other direction, the UE could miss the DL scheduling, resulting HARQ-NACK or missed allocation in UL. In this case gNB could after some time (and multiple missed scheduling occasions) determine that the adaptation had been missed, and re-transmit it.  

It can be noted in case of Alt 2, if the UE misses the indication for changing the TDRA table, it would result gNB and UE to be then gNB and UE would be out of synch what comes to the time domain resource allocation. As a consequence, in DL UE would not be able correctly receive the DL scheduling. Correspondingly UL allocations would be interpreted wrongly, possibly resulting collision with some other UE transmission, in addition resulting need for re-transmission. As above, gNB may notice the miss-detection when receiving only HARQ NACKs from the UE, or not being able to receive the UL correctly and may then provide new indication but evidently out-of-sync condition may be valid for long time. Note that in above it is assumed that the number of bits for time domain resource allocation would be kept same between the two TDRA tables (e.g. DCI format 1_1). If the DCI format size is changed, the detection would fail. Thus, it can be noted that for Alt 2 the result of failure is more severeis vulnerable to the miss-detection of the indication signalling.

Observation 1: For Alt 2 is vulnerable to the impact of miss-detection of the adaptation transmitted indication seems more severe and may cause e.g. collisions in uplink.

It is also good to note that in both Alt 1 and Alt 3 UE would be able notice potentially missed indication if it receives time domain allocation with a value that should not be valid based on the current assumption on the minimum scheduling offset. Correspondingly, the UE would be able to itself “correct” its current assumption e.g. in the case that the UE detects scheduling offset less than the current assumption of the applicable minimum scheduling offset. 

Difference between the Alt 1 and Alt 3 is that Alt 3 can be used as a common minimum scheduling offset e.g. for K0, K2 and A-CSI-RS triggering offset. We note that the common minimum scheduling offset would make sense because anyway the possibility for micro-sleep is a function of the minimum scheduling offset among all the possible scheduled and triggered DL and UL transmissions.

As a result, our preference is Alt 3 where a gNB may dynamically enable and indicate the new minimum scheduling offset (which may apply for both downlink and uplink). 


Proposal 1: Support Alt 3: Indication of the minimum applicable value. 

Correspondingly the gNB may dynamically update or disable the minimum scheduling offset. Upon disabling the minimum offset the UE assumes the configured TDRA tables and triggering offsets (CSI-RS and SRS). Also implicit disabling of the minimum scheduling could be beneficial like due to the following events:

a) Radio link failure
b) Handover command
c) SCell activation
d) Cross-carrier scheduling
e) BWP switch due to (logical) change in used TDRA table
f) When UE has triggered RACH procedure e.g. due to TAT expiry or Beam failure recovery/PDCCH order


Proposal 2: Study further conditions and events when UE may implicitly disable dynamically provided minimum scheduling offset. 

Related to CSI-RS triggering offset the following agreement was made:

	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: Other option is not precluded
Note: PDCCH monitoring case 1-1 is prioritized for the design. 




We consider it most feasible to define a common minimum scheduling offset that would be used at least for the determining minimum applicable K0, K2 and A-CSI-RS triggering offset. As already discussed above that is because micro-sleep is made possible only when UE can assume certain minimum offset for all possibly scheduled and triggered DL (PDSCH, A-CSI-RS) and UL transmissions (PUSCH, A-SRS).

Proposal 3: Support one common minimum scheduling offset which is applied for both downlink and uplink.


2.2	Applying minimum scheduling offset to SRS slot offset
It has been discussed that should the adaptation be applied also for A-SRS slot offset. Regarding the A-SRS it seems logical to apply the adaptation for the slot offset similarly to K2. Even though the minimum scheduling offset for PUSCH (and for PDSCH and A-CSI-RS) is greater than 0 the UE has limited possibility for micro-sleep if the A-SRS can be triggered with slot offset value 0. It’s to be noted UE can be configured only one SRS resource set with usage set to codebook or non-codebook. If the slot offset is 0 for the SRS resource set and minimum scheduling indication would indicate value greater > 0 there would not be any valid set available at the UE. Thus, it should be further studied how to apply indicated minimum scheduling offset for the A-SRS. 

Proposal 4: Support applying dynamically adapted minimum scheduling for A-SRS.

Observation 2: Indicated minimum scheduling offset value may be greater than configured slot offset for A-SRS.

Proposal 5: Study further how indicated minimum scheduling offset is applied for A-SRS. 

2.3	Signalling method

Two alternatives were agreed for the signalling method to be down-selected from:

	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.




As a baseline, as for other power saving signals like wake-up triggering, DCI based signalling mechanism is assumed also for adapting the scheduling related parameters dynamically. It can be further discussed whether a new DCI format is needed or extension of existing DCI format.

Proposal 6: Support Alt 2: L1 based.

2.3	On procedure for adapting scheduling parameters
As a baseline procedure we consider the PDCCH power saving channel based approach where UE is configured with a DCI format (new or existing) for adapting the minimum scheduling offset applicable for K0, K2, A-CSI-RS and A-SRS. 

One component in the procedure is the latency for applying the provided new minimum scheduling offset values, i.e. required time between receiving the command in PDCCH and when the new values can be assumed to be applied. It’s to be noted that DCI based BWP switch with Type 1 capability has minimum interrupt time one slot with 15 kHz, two slots with 30 kHz and three slots with 60 kHz [section 8.6.2. in 3GPP TS 38.133]. For scheduling related parameter adaptation it’s expected that the adaptation latency should be shorter than BWP switch interrupt time. 

Proposal 7: BWP switching interrupt time for Type 1 capability can be considered as an upper bound. 

[bookmark: _Hlk4762336]On the other hand, the set of K0, K2 and CSI-RS triggering offset values are BWP specific and basically the dynamic adaptation could be provided also by DCI based BWP switch together. As with moderate Kx and offset values, the latency impact is very small, it is not evident if more dynamic adaptation than supported by BWP framework is needed. 

Using the BWP framework requires to configure a complete additional BWP for micro sleep support, which may be taken away from the total budget of the possibly configurable BWPs for the UE. If network already configures another BWP for power saving purposes e.g. with limited BW, then this does not imply any additional cost. It may also be considered that UE does not necessarily support multiple BWPs, but equally well it could be questioned if UEs support K0>0. While the possible delay in K0, K2 and offset adaptation has not yet been discussed/agreed, BWP switching in Rel-15 incurs interrupt time in DL reception and UL transmission, depending on the UE capability, down to 1ms. When considering the alternatives, it would be worth to study if the power saving channel based adaptation can be guaranteed to be equal or less than 1 slot (without negatively impacting the micro-sleep) or whether BWP switching interrupt time could be further reduced when BWP switching effectively updates certain, limited set of parameters, like the ones enabling/disabling micro-sleep.

Observation 3: In general, two mechanisms could be considered to adapt/enable the micro sleep:
· Power saving channel based approach is used to adapt the applied minimum scheduling offset for K0, K2, A-CSI-RS triggering offset and A-SRS slot offset values
· Set of K0, K2, CSI-RS triggering offset values and A-SRS slot offset values are BWP specific and the dynamic adaptation could be provided by existing DCI based BWP switch.

[bookmark: _GoBack]3	Conclusions
In this contribution we have discussed about procedure of cross-slot scheduling power saving techniques. 
For the indication method option, in Section 2.1,following observations and proposals are made:

Observation 1: For Alt 2 is vulnerable to the impact of miss-detection of the adaptation transmitted indication seems more severe and may cause e.g. collisions in uplink.

Proposal 1: Support Alt 3: Indication of the minimum applicable value. 

Proposal 2: Study further conditions and events when UE may implicitly disable dynamically provided minimum scheduling offset. 

Proposal 3: Support one common minimum scheduling offset which is applied for both downlink and uplink.

In Section 2.2, the SRS scheduling offset is discussed, with following observation and proposals:
Proposal 4: Support applying dynamically adapted minimum scheduling for A-SRS.

Observation 2: Indicated minimum scheduling offset value may be greater than configured slot offset for A-SRS.

Proposal 5: Study further how indicated minimum scheduling offset is applied for A-SRS. 

Signalling mechanism for the cross-slot adaptation is discussed in Section 2.3, and we propose:-

Proposal 6: Support Alt 2: L1 based.

In Section 2.3 we consider the procedure for adapting the parameters, with following observation and proposals:

Proposal 7: BWP switching interrupt time for Type 1 capability can be considered as an upper bound. 

Observation 3: In general, two mechanisms could be considered to adapt/enable the micro sleep:
· Power saving channel based approach is used to adapt the applied minimum scheduling offset for K0, K2, A-CSI-RS triggering offset and A-SRS slot offset values
· Set of K0, K2, CSI-RS triggering offset values and A-SRS slot offset values are BWP specific and the dynamic adaptation could be provided by existing DCI based BWP switch.
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