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1. [bookmark: _Toc120549591]Introduction
At RAN#97 meeting, the agreements about indication of minimum K0/K2 by scheduling DCI was approved [1] as the following,
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:
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:
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.  
· 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
· Whether power saving information is not included in the fallback DCI(s) (e.g., DCI format 0_0, DCI format 1_0)
· 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
In this contribution, the indication scheme of minimum K0/K2 via power saving signal will be discussed.
2. Indication scheme of minimum K0/K2
As the agreements in last RAN1 meeting, the minimum K0/K2 value is indicated at least via power saving signal within DRX active time and the minimum aperiodic CSI-RS triggering offset value is the same as minimum K0. There are three remaining issues for the minimum K0/K2 indication scheme. The first issue is that the minimum K0 and K2 values are joint indicated or separate indicated, the second is to use explicit indication or implicit indication, and the third is to use non-fallback DCI or fallback DCI.
Issue 1: Joint or separate indication
In R15, the TDRA table is configured per DL and UL BWP. To indicate the applied minimum K0 and K2 values on DL and UL BWP, one simple way is to use DL scheduling DCI and UL scheduling DCI, respectively. However, this will cause ineffective power saving in some cases even the indicated minimum K0 or K2 value is large enough because the DL scheduling DCI and UL scheduling DCI are not decoupled in R15. 
For example, the minimum K0 = 0 and minimum K2 = 1 in current active DL and UL BWP, then once UE has the power saving requirement, NW can change the minimum K0 to 2 via a DL scheduling DCI. However, with minimum K2 =1 UE cannot relax the PDCCH processing timeline because it does not know the DCI is a DL DCI format or UL DCI format until it finishes PDCCH processing. Therefore, UE still need to perform a fast PDCCH processing if only minimum K0 value is relaxed while minimum K2 value is small, and vice versa. One solution to avoid this problem is that NW transmits another UL scheduling DCI to change the minimum K2 even there is no PUSCH to be scheduled, but this will cause unnecessary signalling overhead. 
Therefore, in order to realize more power saving gain and reduce NW signalling overhead, more efficient way is indicating minimum K0 and K2 jointly in one DCI, such as DL or UL scheduling DCI, and the indicated minimum K0 and K2 is applied on active DL BWP and active UL BWP, respectively.
Proposal 1. The minimum K0 and K2 should be indicated in one DCI jointly and applied to DL and UL scheduling respectively.
Issue 2: Explicit or implicit indication
There are three alternatives about the detailed minimum K0 and K2 indication signalling.
Alt 1: One bit explicit indication
NW configure one minimum K0 and one minimum K2 value for each DL BWP and UL BWP respectively. Considering the TDRA table is per-BWP configured, the minimum K0 or K2 value on different DL or UL BWPs can be different. Only one bit in DCI is used to indicate UE if the pre-configured minimum K0 and K2 are applied on active DL BWP and active UL BWP or not. That is, one bit is used as a triggering signalling of cross-slot scheduling. For example, if the bit value is “1”, UE should apply the pre-configured minimum K0 and K2 value, otherwise the whole K0 and K2 values of TDRA table are applied. 
Alt 2: X bits explicit indication 
NW pre-configure multiple minimum K0 and K2 values, and the X bits in DCI are used to indicate the applied minimum K0 and K2 values. Compared with Alt 1, this solution is more flexible but the DCI payload size will increase. In addition, considering the latency impact, if minimum K0 = 1 can achieve cross-slot scheduling power saving gain, there is no need to pre-configure more minimum K0 values such as K0 = 2 which causes more latency than K0 = 1. 
Alt 3: Implicit indication
NW pre-configure one minimum K0 and one minimum K2 value for each DL BWP and UL BWP respectively. If UE receives one DL or UL grant, it changes to same-slot scheduling and changes back to cross-slot scheduling after a timer expires. This solution can reduce the signalling overhead but not flexible and UE must use same-slot scheduling when there is no efficient scheduling PDCCH but the timer is running, which limits the power saving gain.  
[bookmark: _GoBack]Comparing the three alternatives, Alt 1 is better than Alt 2 and Alt 3 which can achieve a good balance between power saving gain and signalling overhead. In addition, considering the joint indication of minimum K0 and K2 in one DCI, scheduling DCI in USS can be used as indication signalling. 
Issue 3: Non-fallback DCI or fallback DCI
The last issue is that the DCI format used to trigger cross-slot scheduling. In last RAN1 meeting, the existing scheduling DCI formats with additional field(s) was agreed to trigger cross-slot scheduling. From our point of view, only one adding bit in non-fallback scheduling DCI (DCI format 0_1 and DCI format 1_1) can be used to trigger the application of pre-configured minimum K0 and K2 value. The reason of not using fallback scheduling DCI is the size budget and legacy UE compatibility. In R15, the DCI size of fallback DCI in USS may be aligned with fallback DCI in CSS through determining the frequency domain field size according to initial DL/UL BWP. If a new field for cross-slot scheduling is added to fallback DCI in USS, the same length field should also be added to fallback DCI in CSS as well to make the DCI size aligned otherwise the DCI size budget cannot be fulfilled. However, this will cause that the CSS DCI format sizes are different for R15 and R16 UEs, which causes legacy UE compatibility problem. Therefore, only non-fallback scheduling DCI is used to trigger cross-slot scheduling.
Proposal 2. One adding bit in DCI format 0_1 and 1_1 can be used to trigger the application of pre-configured minimum K0 and K2 value.
3. Conclusions
In this contribution, the indication scheme of minimum K0/K2 via power saving signal are discussed, and the following proposals are made.
Proposal 1. The minimum K0 and K2 should be indicated in one DCI jointly and applied to DL and UL scheduling respectively.
Proposal 2. One adding bit in DCI format 0_1 and 1_1 can be used to trigger the application of pre-configured minimum K0 and K2 value.
4. References
[1] Chairman’s Notes RAN1#97 .

