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Introduction
In the RAN1 #96bis meeting, the following was agreed [1] on the procedure of cross-slot scheduling power saving techniques: 
	Agreements:
· Regarding aperiodic CSI-RS triggering, at least if a UE is operated with cross-slot scheduling based power saving, 
· If all the associated trigger states do not have the higher layer parameter qcl-Type set to 'QCL-TypeD' in the corresponding TCI states and the PDCCH SCS is equal to the CSI-RS SCS, specification allows the aperiodic CSI-RS triggering offset to be set to a non-zero value.
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: Other option is not precluded
Note: PDCCH monitoring case 1-1 is prioritized for the design. 

Agreements:
· The adaptation on the minimum applicable value of K0 does not apply to at least the following cases:
	RNTI
	PDCCH search space

	SI-RNTI
	Type0 common

	SI-RNTI
	Type0A common

	RA-RNTI, TC-RNTI
	Type1 common

	P-RNTI
	Type2 common






This contribution compares the trade-offs associated with power saving signaling based on MAC layer or on L1 and provides our views on the remaining design issues to enable cross-slot scheduling power saving techniques.
Discussion
2.1 Signal mechanisms
At RAN1 #96bis meeting, it was agreed to focus further study on MAC-CE or L1 explicit signaling to enable cross-slot scheduling for power saving purpose [1]. 
The main advantage of L1 signaling is that it provides a faster adaptation speed between cross-slot and same slot scheduling (as low as one slot) and correspondingly achieves larger power saving gain and lower latency in many scenarios. For MAC-CE based signal, the larger delay due to the switching of the configurations may not be able to fulfil the latency requirement of the traffic (e.g. VoIP traffic) and suffers the power saving performance. In general, the network should be provided the capability to fast adjust the scheduling mechanism to its traffic characteristic, especially if the capability is not associated with any disadvantages.   

Table 1 lists the comparisons of PDCCH-based signaling and MAC-CE based signaling. It can be observed that there is no metric for which MAC-based signaling is preferable to PDCCH-based signaling. 
Table 1: Comparison of signaling methods for cross-slot scheduling operation
	
	L1 signaling
	MAC-CE based

	Number of decoded channels
	1 PDCCH
	1 PDCCH + 1 PDSCH

	Approximate time scale for switching
	1 slot 
	~tens slot 

	Overhead
	Low
	High

	Latency
	Small 
1 slot +  (reconfiguration delay)
	Medium
[bookmark: _GoBack]~ten slot + 

	Detection probability
	Best (1%)
	Worst (10%)

	HARQ-ACK feedback
	No
	Yes



The specification impact for L1 signaling is trivial as just 1-bit or 2-bit IEs are added for an existing scheduling DCI format. While, it may be relatively larger for MAC-CE based signaling due to creating a new MAC CE format. 

Considering the above, L1 signaling seems clearly preferable to operate cross-slot scheduling and we therefore propose:  
Proposal 1: 
· The existing DCI scheduling PDSCH/PUSCH is extended to include a field to switch between cross-slot and same-slot scheduling. 


For L1-based signaling, possible candidates to adapt the minimum applicable value of K0 (or K2) for an active DL (or UL) BWP have been listed as follows [2]: 
1. Indication of a subset of TDRA entries, e.g., bit-map based indication
2. Indication of one active table from multiple configured TDRA tables
3. Indication of the minimum applicable value. 
As already pointed out during previous discussions in RAN1 #96bis meeting, Alt.1 has one potential drawback as it results in a larger DL control signaling overhead and causes the loss of scheduling flexibility due to splitting the items in one single TDRA table across same-slot and cross-slot scheduling operations. It is considered less attractive compared to other alternatives. Compared to Alt.2, Alt.3 provides a unified and simple way to signal one minimum offset value to manage both cross-slot scheduling and A-CSI triggering simultaneously to achieve power saving target. In addition, Alt.3 allows finer granularities for cross-slot scheduling operation (associated with different K0>0 values) to flexibly balance between power saving performance and latency increase. We therefore propose the following: 
Proposal 2:
· A minimum applicable offset value is signaling by L1 signal, which is applied for K0/K2 and aperiodic CSI-RS offset.

2.2 Applicable RNTIs
Another FFS aspect is which RNTI(s) the configured minimum K0>0 values should not be applied for when a given UE is configured with cross-slot scheduling. It has been agreed in last meeting [1] that the broadcast PDSCH(s) (i.e. SI-RNTI, RA-RNTI, TC-RNTI and P-RNTI used for the PDCCH CRC scrambling) should not be applied for cross-slot scheduling to ensure the DL resource efficiency by avoid transmission duplication since PDSCH targets not only to Rel-16 but also legacy UEs.   
For a NR Common Search Space (CSS) associated with CORESET 0, UE can be configured to monitor DCI format 0_0 and DCI format 1_0 with CRC scrambled by C-RNTI, CS-RNTI, MCS-C-RNTI, RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI. However, unlike the comm RNTI, C-RNTI, C-RNTI and MCS-RNTI targets for UE-specific DL-SCH scheduling and hence the configured minimum applicable value of K0 should be also applicable. 

Proposal 3:
· The adaptation on the minimum applicable value of K0 applies to C-RNTI, CS-RNTI and MCS-C-RNTI in CSS associated with CORESET 0. 
     
Conclusion
In this contribution, we discuss about the design for cross-slot scheduling power saving techniques. Based on the discussions, we make the following proposal:
Proposal 1: 
· The existing DCI scheduling PDSCH/PUSCH is extended to include a field to switch between cross-slot and same-slot scheduling. 
Proposal 2:
· A minimum applicable offset value is signaling by L1 signal, which is applied for K1/K2 and aperiodic CSI-RS offset.
Proposal 3:
· The adaptation on the minimum applicable value of K0 applies to C-RNTI, CS-RNTI and MCS-C-RNTI in CSS associated with CORESET 0. 
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