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Introduction

In the previous meeting in Reno, agreements [1] listed in the appendix was achieved for cross-slot scheduling for NR power saving.
This contribution provides our views on more detailed procedures of cross-slot scheduling power saving techniques. 

Discussion on cross-slot scheduling adaptation procedures

In principle, the Rel.15 UE specifically configured TDRA naturally support cross-slot scheduling. However, for faster traffic adaptation, the below options are now being discussed:
· Cross-slot scheduling adaptation within a BWP
· Cross-slot scheduling adaptation via BWP-switching

Cross-slot scheduling adaptation within a BWP
For adaptation of the minimum applicable value of K0 (or K2) for an active DL (or UL) BWP, the following agreements were achieved in the previous meeting:
	Agreements:
For an active DL and an active UL BWP, a UE can be indicated via L1-based 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).

Agreements:
When UE is indicated of the minimum applicable value of K0 (K2) for an active DL (UL) BWP, the application method to the selection of a DL (UL) TDRA entry is to be decided from:
· An entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum is not expected by or not valid for the UE for the TDRA indication(s) 




During the offline discussion, it was intensively discussed that the potential error case may happen if the L1-based signalling is not correctly received by UE. Such case will lead to misunderstanding, between UE and gNB, regarding the actually valid K0/K2 values. Therefore, in this section, more detailed discussion and analysis are provided on this topic. 
The current agreement does not limit which kind of L1-based signalling indicates the minimum applicable values of K0/K2. At this moment, a more typical design would be to utilize a PoSS (Power Saving Singal) based on enhancement of scheduling DCI, although a PoSS without data scheduling field, e.g. PoSS outside active time, can also be beneficial to have it. Thus, for convenience, the discussion can be structured into the following case:
· Case 1: Cross-slot scheduling adaptation by PoSS with scheduling DCI indication
· Case 1.1: Minimum K0 value indication via UE-specific scheduling DCI
· Case 1.2: Minimum K2 value indication via UE-specific scheduling DCI
· Case 2: Cross-slot scheduling adaptation by PoSS without scheduling DCI

Case 1.1: Minimum K0 value indication via UE-specific scheduling DCI
For the Case 1.1, the L1-based indication is protected by the HARQ-ACK, since the PoSS is based on enhancement of PDSCH scheduling DCI. Thus if the UE miss-detects the DCI, it will send neither HARQ-ACK nor HARQ-NACK. In this case, without confirmation from UE, gNB shall not assume the updated minimum K0 value start to be valid. If PoSS DCI is correctly decoded, UE will send either HARQ-ACK or NACK depending on whether PDSCH CRC is passed. From gNB side, either HARQ-ACK or NACK means a successful delivery of the updated minimum K0 value. Therefore, in our opinion, it is a better option for both sides start to utilize the updated value after transmission/reception of HARQ-ACK/NACK. Because if new value starts to be applied too early, e.g in the scheduling before the HARQ-ACK/NACK, UE may assume the old value if miss-detecting DCI and gNB may assume new value. 
The related proposal in the previous meeting agreement is:
	Conclusion:
Companies are encouraged to check the following proposal for the application delay: 
For an active DL and an active UL BWP, when UE is indicated by L1-based signalling(s) in slot n to change the minimum applicable value(s) of K0 and/or K2, UE is not expected to apply the new indicated minimum applicable value(s) before slot  for K0, or slot  for K2, where 
· X = max(Y, Z)
· Y is the minimum applicable K0 value prior to the indicated change
· Z = [1]
· Z is the smallest feasible non-zero application delay that may depend on DL SCS 
· FFS: Z > 1 for 60kHz/120kHz SCS or multi-TRP
· FFS: Cross-carrier scheduling with different numerologies
· FFS: interruption time, if any


 This proposal basically means the UE can start to make new value valid after the old minimum K0 value. If DCI fails, this proposal can not avoid misalignment between gNB and UE. Besides addressing ambiguity for smooth UE internal pipeline processing, as discussed above, the validation period should be set to lower the chance of error case. Hence, we propose that:
Proposal 1: For an active DL BWP, when UE is indicated by PoSS with PDSCH scheduling to change the minimum applicable value(s) of K0, UE applies the new value after sending the corresponding HARQ-ACK/NACK.

Furthermore, by quite low chance, the PUCCH/PUSCH used to carry HARQ-ACK/NACK fails to be correctly decoded by gNB. Then gNB can not judge whether the DCI fails or not. In this case, UE will use the new value, however gNB may still use the old one. Thus a more reliable solution is to make gNB gives a final confirmation to UE, which can be a next DCI with the toggled NDI and the same HARQ process ID with the previous scheduling DCI in PoSS. By receiving this, UE may 100% confirm the “handshake” has been finished and no misalignment should happen.
Proposal 2: If a more reliable solution is needed to avoid misalignment between UE and gNB, UE may only start to make the new value valid after it receives the toggled NDI and same HARQ process ID in the next DCI, when UE is indicated by PoSS with PDSCH scheduling to change the minimum applicable value(s) of K0, for an active DL BWP.

Case 1.2: Minimum K2 value indication via UE-specific scheduling DCI
In case 1.2, assuming PoSS based on enhanced UL-grant DCI carries the minimum K2 value indication, the reliability is also protected by interaction between UE and gNB. If UE miss-detects the DCI, it will not transmit PUSCH as scheduled. Then gNB will not correctly decode the PUSCH and may not assume the updated minimum K2 value is received by UE. Thus UE may update the minimum K2 value after it transmits PUSCH to lower the misalignment probability lower.
Proposal 3: For an active UL BWP, when UE is indicated by PoSS with PUSCH scheduling to change the minimum applicable value(s) of K2, UE applies the new value after sending the scheduled PUSCH.

By a certain chance typically around 10% level, the PUSCH is not correctly received by gNB. Then misalignment may still happen that UE starts to use the new value while gNB still uses the old one. Similar with the downlink case, a further confirmation from gNB is helpful. A next DCI with toggled NDI and same process ID may work as a secured conformation.
Proposal 4: For an active UL BWP, if a more reliable solution is needed to avoid misalignment between UE and gNB, UE may only start to make the new value valid after it receives the toggled NDI and same HARQ process ID in the next DCI, when UE is indicated by PoSS with PUSCH scheduling to change the minimum applicable value(s) of K2.

Case 2: Cross-slot scheduling adaptation by PoSS without scheduling DCI
If a non-scheduling DCI is used to indicate the updated minimum K0/K2 value, e.g. a PoSS configured before DRX On_Duration, there is no protection in case misdetection happens. If UE default behavior is to wake up to start monitoring PDCCH, this may introduce some misalignment regarding the applicable minimum value of K0/K2 value in the data scheduling in OnDuration. To solve this issue, the triggering of CSI-report and aperiodic SRS may be used for protection, as long as either of these two fields is supported together with cross-slot adaptation. Due to CRC protection, CSI-report can be more reliable than SRS.
Proposal 5: If a non-scheduling DCI is used to indicate the updated minimum K0/K2 value, the triggered CSI-report and SRS could work as protect against error. Thus UE shall update the values after the transmission of CSI-report and/or SRS.

If UE default behavior is to skip the DRX OnDuration, the error case may happen and UE will miss the following scheduling PDCCH but it is a more generic issue than this cross-slot scheduling. In [2], we propose UE default behavior is to wake-up for the DRX OnDuration. Thus, the parameters, which is supposed to be indicated by PoSS including minimum K0/K2, can also be configured with default values to enable gNB operate in a more reliable way.

Cross-slot scheduling adaptation via BWP-switching
Since the configured TDRA table is BWP- specific for Rel-15 cross-slot scheduling, which plays an important role in the discussion of power saving from same/cross/multi-slot scheduling in the study item phase, the time domain processing timeline adaptation can be enabled by BWP switching. By proper configuration with TDRA table with desirable minimum K0/K2 values for each BWP, L1-based BWP switching can provide very dynamic adaptation.
One potential issue may happen during the BWP switching. As shown in Figure 2, during BWP switching, the TDRA table of target BWP is assumed by current specification. If the K0 values in the table are configured with localized values for power saving, it will be not flexible to schedule the initial slot after switching. For example, if the TDRA table of BWP#2 is used, PDCCH#3 needs K0=3 to schedule PDSCH#3. If the K0 minimum value is too small, it is easy for the scheduled PDSCH fall in the transition period. If it is too large, some initial slots after switching is not schedulable. Thus the target TDRA table needs to ensure below several points:
1. The addressable entries by the time domain resource indication in the DCI field of BWP#1 are better not to include any K0 values that fall within transition period. If happens, it should be deemed as an error case.
2. The addressable entries by the time domain resource indication in the DCI field are better capable to schedule the slots initially after the BWP switching.

                                               Figure 1. Scheduling limitation of TDRA table adaptation during BWP switching
For better power saving, more restricted and localized K0 values are beneficial, which are however not friendly for flexible scheduling. Thus there is clearly some tradeoff between power saving and scheduling flexibility. No matter the BWP switching is from a “slower” (larger K0 values) one to a “faster” (smaller K0 values) one, the scheduling limitation may occur. Because typically the design of K0 values are mainly for adaptation to the UE processing timeline. 
To relax the applying limitations of the TDRA table entries of the target BWP, the follow solutions can be considered:
1. If the scheduling gap indicated in the DCI by using target BWP TDRA table is shorter than the BWP transition period, UE will take the data scheduling as an error case. That means UE does not expect the applied scheduling gap is shorter than the BWP transition period. Then the new TDRA table starts to be valid after the transition time.
2. To make the UE processing timeline adaptation easier, the reference point of the timing gap from control channel to data channel can be changed to the slot right after the transition period. Then no scheduling will fall in the transition period. This means the actually applied gap is the indicated K0 value plus the transition period.
The above two options have very minor specification impact while keep the legacy design principle that the target BWP TDRA table is used during BWP switching. Therefore,
Proposal 6: For TDRA table adaptation with different minimum K0/K2 values via BWP switching, the below two options could be considered to relax the design limitations for TDRA table entries:
1. If the scheduling gap indicated in the DCI by using target BWP TDRA table is shorter than the BWP transition period, UE will take the data scheduling as an error case.
2. For the data scheduling by a BWP switching DCI, the actually applied gap from control channel and data channel is sum of the indicated k0 value and the transition period.

Conclusions
This contribution provide our considerations on the cross-slot procedures for power saving. The conclusions are summarized below:
Proposal 1: For an active DL BWP, when UE is indicated by PoSS with PDSCH scheduling to change the minimum applicable value(s) of K0, UE applies the new value after sending the corresponding HARQ-ACK/NACK.
Proposal 2: If a more reliable solution is needed to avoid misalignment between UE and gNB, UE may only start to make the new value valid after it receives the toggled NDI and same HARQ process ID in the next DCI, when UE is indicated by PoSS with PDSCH scheduling to change the minimum applicable value(s) of K0, for an active DL BWP.
Proposal 3: For an active UL BWP, when UE is indicated by PoSS with PUSCH scheduling to change the minimum applicable value(s) of K2, UE applies the new value after sending the scheduled PUSCH.
Proposal 4: For an active UL BWP, if a more reliable solution is needed to avoid misalignment between UE and gNB, UE may only start to make the new value valid after it receives the toggled NDI and same HARQ process ID in the next DCI, when UE is indicated by PoSS with PUSCH scheduling to change the minimum applicable value(s) of K2.
Proposal 5: If a non-scheduling DCI is used to indicate the updated minimum K0/K2 value, the triggered CSI-report and SRS could work as protect against error. Thus UE shall update the values after the transmission of CSI-report and/or SRS.
Proposal 6: For TDRA table adaptation with different minimum K0/K2 values via BWP switching, the below two options could be considered to relax the design limitations for TDRA table entries:
1. If the scheduling gap indicated in the DCI by using target BWP TDRA table is shorter than the BWP transition period, UE will take the data scheduling as an error case.
2. For the data scheduling by a BWP switching DCI, the actually applied gap from control channel and data channel is sum of the indicated k0 value and the transition period.
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Appendix

Agreements:
For an active DL and an active UL BWP, a UE can be indicated via L1-based 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).

Agreements:
To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, indication of the minimum applicable value is supported.
· FFS: Direct assignment of the minimum application value, indication of one value from one or multiple preconfigured or predetermined value(s), and/or implicit indication.
· FFS: How the indicated minimum applicable value is applied to the selection of a DL (UL) TDRA entry. Example directions include at least the following:
· Excluding the invalid TDRA entries
· Re-interpret the selected K0 (K2) value
Agreements:
When UE is indicated of the minimum applicable value of K0 (K2) for an active DL (UL) BWP, the application method to the selection of a DL (UL) TDRA entry is to be decided from:
· An entry in the active DL (UL) TDRA table with K0 (K2) value smaller than the indicated minimum is not expected by or not valid for the UE for the TDRA indication(s) 


Agreements:
At least for the L1-based adaptation on the minimum applicable value of K2, it does not apply to PUSCH scheduled by MAC RAR for at least contention-based RACH procedure.
· FFS: Exclude contention-free RACH 
· FFS: Exclude PUSCH scheduled with TC-RNTI

Agreements:
· To adapt the minimum applicable value of the aperiodic CSI-RS triggering offset for an active DL BWP, implicit indication by defining the minimum applicable value the same as the minimum applicable K0 value when indicated is supported.

Agreements:
At least for the L1-based adaptation on the minimum applicable value of K2, it does not apply to:
· PUSCH scheduled by RAR UL grants for contention-free RACH procedure
· PUSCH scheduled with TC-RNTI

Conclusion:
Companies are encouraged to check the following proposal for the application delay: 
For an active DL and an active UL BWP, when UE is indicated by L1-based signalling(s) in slot n to change the minimum applicable value(s) of K0 and/or K2, UE is not expected to apply the new indicated minimum applicable value(s) before slot  for K0, or slot  for K2, where 
· X = max(Y, Z)
· Y is the minimum applicable K0 value prior to the indicated change
· Z = [1]
· Z is the smallest feasible non-zero application delay that may depend on DL SCS 
· FFS: Z > 1 for 60kHz/120kHz SCS or multi-TRP
· FFS: Cross-carrier scheduling with different numerologies
· FFS: interruption time, if any
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