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Introduction
Rel.16 has introduced procedures to enable wake-up/sleep indication outside the active time. If the power saving indication asks the UE to wake-up, the UE wakes up to monitor the On Duration and performs PDCCH monitoring similar to a Rel.15 UE within its active time. Rel.16 has also introduced layer-1 indication of cross-slot scheduling parameters corresponding to minimum expected values of K0 and K2 to enable power savings in the active time. Below, we capture some related agreements and working assumption from the recent meetings.
RAN1 #97 [2]
Agreements:
For power saving signal/channel configured outside Active Time, introduce a new DCI format for a UE, where the UE is configured to monitor the DCI format, with the power saving information for the UE in the DCI configurable by RRC
•	FFS whether the DCI is in UESS or CSS or both
•	FFS detailed configuration of the power saving information
•	FFS the new DCI format
•	Note: the same DCI may carry power saving information for one or more UEs
Agreements:
The monitoring occasion(s) of the power saving signal/channel outside the Active Time is “indicated” to the UE by the gNB with an offset before the DRX ON
•	 “Indicated” implies the explicit signalling by higher layer signalling or implicit through the CORESET/search space
•	FFS: The value and the range of offset
Agreements:
The indication of at least one power saving technique(s) is supported at least by the enhancement of existing scheduling DCI formats with additional field(s), if any, and/or repurposing the existing field(s), if identified, when UE is in the Active Time.     
•	It applies to UE-specific search space.  
o	It is FFS for the common search space.
•	The at least one power saving technique(s) includes at least “Cross-slot scheduling”
•	FFS: Which existing DCI formats includes the power saving information
o	Whether power saving information is not included in the fallback DCI(s) (e.g., DCI format 0_0, DCI format 1_0)
o	Use of non-scheduling DCI formats.
•	It is FFS which field(s) is used to be repurposed for the indication of the power saving technique if the repurpose of existing field(s) is used.
•	FFS: New DCI format with size aligned with existing DCI format
RAN1 #98 [3]
Agreements:
The maximum number of CORESETs for PDCCH-based power saving signal/channel outside Active Time is no larger than the max number that can be configured inside Active Time. 
Working assumption:
The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).
Working assumption:
UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.   
Agreements:
Scheduling DCI format(s), 1-1 and/or 0-1, to indicate the minimum applicable value of K0 (K2) for active DL (UL) BWP during Active Time is supported
•	FFS: Whether and how other scheduling DCI format(s) during Active Time can be used
•	FFS whether to have joint or separate indication for DL & UL
In the SI phase for this topic, companies studied the benefits of PDCCH skipping to UE power savings, but this item is not likely to be considered for Rel. 16 due to time constraints. It was observed in TR38.840 [1] that PDCCH skipping, i.e. skipping certain PDCCH monitoring occasions can provide significant power savings. The following text was noted in TR38.840 [1].
Reduction of PDCCH monitoring can also be achieved with explicit/implicit information for UE to skip monitoring PDCCH. A related approach, such as power saving signal/channel triggering/enabling PDCCH monitoring or "go-to-sleep" signaling where the gNB can signal the UE to go to the DRX OFF state or skip the PDCCH monitoring, is considered. Power saving gain in the range of 9%~83% is observed, with latency increase in the range of 0.1%~75% and overhead of 0% - 1% with one source showing 124% latency increase. Generally, the gain is higher for scenarios with CDRX configuration with larger DRX inactivity timer duration and for lower traffic load, and higher latency increase is associated with higher gain.
Some contributions [4] provide methods to support PDCCH skipping, for example, by dynamically indicating the number of monitoring occasions the UE may skip monitoring. 
In this contribution, in addition to the above motivations, we consider scenarios where PDCCH skipping can provide benefits for UE power savings. 

Discussion
In general, the current procedures for power savings through improved PDCCH monitoring are applicable to FR1 and FR2 operation and to multi-TRP deployments. Below we describe two scenarios which may benefit from PDCCH skipping.
1. Some enhancements to PDCCH monitoring may be desired in FR2. In this frequency range, the channel is highly susceptible to blockage. Furthermore, small changes in the orientation of the device may cause beam misalignment and loss of connectivity especially after long duration of sleep. So, it is expected that the UE will monitor multiple beams for robustness. The concept is shown in Figure 1, where the UE is configured to monitor CORESET#1, #2 and #3 on different beams. On receiving a wake-up indication, the UE monitors all the configured beams in the active time. In this case, the PDCCH monitoring load can be significant from the power consumption standpoint. Besides, more frequent beam management may also be required, thereby, increasing the power consumption load on the UE. 
Observation 1: A UE may be configured to monitor PDCCH on multiple beams in FR2. The monitoring overhead can be significant to power consumption in FR2.


Figure 1 PDCCH monitoring on configured beams in active time
2. We also observe that a UE may be connected to multiple TRPs as shown in Figure 2. Typically, the UE is configured to monitor CORESETs on one or more beams from TRP1 and TRP2. For example, in Figure 1, CORESETS #1, #2 correspond to transmissions from TRP1 and CORESET#3 corresponds to transmissions from TRP2. 
In general, the TRP connectivity can be transparent to the UE, but some enhancements may be desired especially for non-ideal backhaul deployments. But unlike ideal backhaul, TRP2 may not have full knowledge of TRP1’s scheduling decisions. Therefore, power savings indication from one TRP may not reflect the indication from the other TRP. In another scenario, power savings indications from the two TRPs may conflict with other, for example, in the indication of minimum values for K0 and K1 in the active time.
Observation 2: In non-ideal backhaul, power savings indication from one TRP may or may not fully reflect the scheduling status of other TRPs.
Observation 3: If multiple TRPs can signal the power savings indication to the UE, there may be conflicts in the indication.


Figure 2 Multi-TRP connection for UE
In the above cases, it may be beneficial to consider beam or CORESET based PDCCH monitoring or skipping. For example, if the network intends to transmit to the UE only through TRP1 or on a subset of the configured CORESETs in a given DRX cycle, the network may indicate the UE to skip monitoring CORESETs of other TRPs or on other beams. In Figure 3, the example shows the case where the UE skips PDCCH monitoring on occasions of CORESET #3. This may also be viewed as skipping transmissions from TRP2.



Figure 3 PDCCH skipping on specific beam or TRP transmission
Proposal 1: We recommend that RAN1 should study the benefits of beam based PDCCH monitoring for UE power savings, i.e., PDCCH skipping on certain beams.
In the context of the non-ideal backhaul scenario for multi-TRP connectivity, The eMIMO WI of Rel. 16 has introduced a higher-layer parameter to identify a group of CORESETs whose PDSCH grants are  acknowledged in a single HARQ ACK codebook. So, a UE can support more than one HARQ Codebook to service grants from different groups of CORESETs. Related agreements are captured below. 
RAN1 #97 [2]
Agreement
•	For separate ACK/NACK feedback for PDSCHs received from different TRPs, the UE should be able to generate separate ACK/NACK codebooks identified by an index, if the index is configured and applied across all CCs  
              o	FFS: for the index per TRP basis, e.g. a higher layer signalling index, PRI in L1, CORESET group ID, slot or subslot index in L1
•	Support joint HARQ-Ack feedback for PDSCHs received from different TRPs where multiple DCIs are used
•	When the PUCCH resources are on the different slots, which are indicated by PDSCH-to-HARQ_feedback timing indicator fields of multiple DCIs for different TRPs, both type-1 HARQ-ACK codebook and type-2 HARQ-ACK codebook are supported.
              o	FFS, additional specification impact from Rel-15
              o	Note that it can include other M-DCI NCJT NW implementation cases in Rel-16

Agreement
•	The index to be used to generate separated ACK/NACK codebook is a higher layer signalling index per CORESET
               o	Note that the index may not be configured for scenarios if there is no ambiguity of codebook generation at the UE, e.g. slot based PUCCH resource allocation per TRP
	This does not preclude configuring the index for other purposes
              o	Further clarify details on how to generate separated ACK/NACK codebook by email discussion including how to use such an index 
•	Further clarify details on how to generate joint ACK/NACK codebook by email discussion including whether/how to use such an index
A similar framework may be considered for CORESET based PDCCH monitoring or skipping.

Conclusion
In this contribution, we motivate the usefulness of PDCCH skipping for UE power savings, especially for FR2 operation and non-ideal backhaul deployments. The following observations and proposals were made.
Observation 1: A UE may be configured to monitor PDCCH on multiple beams in FR2. The monitoring overhead can be significant to power consumption in FR2.
Observation 2: In non-ideal backhaul, power savings indication from one TRP may or may not fully reflect the scheduling status of other TRPs.
Observation 3: If multiple TRPs can signal the power savings indication to the UE, there may be conflicts in the indication.
Proposal 1: We recommend that RAN1 should study the benefits of beam based PDCCH monitoring for UE power savings, i.e., PDCCH skipping on certain beams.
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