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After RAN1#100bis-e, most of the functions of semi-static power sharing for NR-DC have been stabilized. However, there are still some remaining issues for dynamic power sharing for NR-DC. In this contribution, we provide our analysis and considerations on the remaining issues of dynamic power sharing for NR-DC.
Discussion
Determination of Toffset
During RAN1#100-e meeting, RAN1 achieved the following working assumption and an LS was sent to RAN2 to confirm with RAN2 whether MN is always possible to process the RRC configuration of SN [1]. The following working assumption may be revisited if RAN2 doesn’t confirm its feasibility.
	Update the previous agreement as follows (changes in red):

Agreements:
·         For NR-DC dynamic power sharing, to compute the transmit power for SCG UL transmission starting at time T0,
· UE checks for PDCCH(s) received before time T0-T_offset that trigger an overlapping MCG UL transmission, and
· If such PDCCH(s) are detected, UE sets it’s transmit power in SCG (pwr_SCG) such that pwr_SCG <= min{PSCG, Ptotal – MCG tx power} where ‘MCG tx power’ is the actual transmission power of MCG
· Otherwise, pwr_SCG <= Ptotal; 
· UE does not expect to be scheduled by PDCCH(s) received on MCG after T0-[T_offset] that trigger(s) MCG UL transmission(s) that overlaps with the SCG transmission. 
· (working assumption) No new RRC signaling is introduced for T_offset:
· Alt.1: T_offset =<= T_proc,2 , where:
·  is the maximum UE processing time among any of the possible values from , , , , and/or  as specified in TS38.213 and TS38.214 based on the configurations for the MCG.
·  is the maximum UE processing time among any of the possible values from , , , , and/or  as specified in TS38.213 and TS38.214 based on the configurations for the SCG.
· This is the “DPS without look-ahead”.
· Alt.2: T_offset =<= 2*T_proc,2, where:
·  is the maximum UE processing time among any of the possible values from , , , and/or , as specified in TS38.213 and TS38.214 based on the configurations for the MCG.
·  is the maximum UE processing time among any of the possible values from , , and/or , as specified in TS38.213 and TS38.214 based on the configurations for the SCG.
· This is the “DPS with look-ahead”.
· Alt.3: T_offset reasonbly larger than Alt 1. & Alt 2 but <=4ms
· To be addressed in the CR stage
· A UE reports the UE capability of Alt.1 and/or Alt.2.
· Details up to UE feature list discussion



During RAN1#101-e meeting, reply LS [2] from RAN2 confirmed that MN and SN are not required to comprehend each other’s UE configuration for MR-DC in Rel-15. Therefore, RAN1 making assumption that such comprehension is possible is not correct in RAN2 view. The content of RAN2’s reply LS is copied below.
	RAN2 would like to thank RAN1 for the LS on uplink power control for NR-NR Dual-Connectivity. 
RAN2 is still discussing the reply to RAN1 but has no consensus yet on introducing new inter-node signalling for T_offset.
However, RAN2 would like to remind that it was agreed in Rel-15 that MN and SN are not required to comprehend each other’s UE configuration for MR-DC. Therefore, RAN1 making assumption that such comprehension is possible is not correct in RAN2 view.



To resolve the above issue, one potential approach is to make the Toffset value as UE capability. RAN1 figures out some potential Toffset values and UE indicates the supported Toffset value(s) via UE capability, e.g., {0.5ms, 1ms}. An additional RRC parameter may also be needed to configure the Toffset for each UE per frequency range. For example, if some UEs report its Toffset as 0.5ms and some other UEs report its Toffset as 1ms, network may use the RRC parameter to configure Toffset as 1ms for all the UEs.
Proposal 1: The previous working assumption on Toffset is replaced with the following:
· UE reports its supported Toffset values via UE capability, e.g., {0.5ms 1ms}
· Introduce a RRC parameter to configure the Toffset value for each UE per frequency range.
Tight scheduling in SCG
[bookmark: OLE_LINK3][bookmark: OLE_LINK1]One issue was raised in RAN1#100bis-e, if the time instance of T0-Toffset is earlier than the DCI scheduling the PUSCH in SCG (i.e., tight scheduling happens in SCG), it is not clear how to realize dynamic power sharing with look-ahead in this scenario. One may argue that this issue can be resolved by always limiting the scheduling delay in SCG to be larger than Toffset. However, it would be too restrictive to always limit the scheduling delay in SCG to be larger than Toffset, which would impact the time-sensitive traffic in NR-DC.
[image: ]
Figure 1 Dynamic power sharing for tight scheduling in SCG
To further analyze this issue, common case (i.e., scheduling delay in SCG is larger than Toffset) and tight scheduling case (i.e., scheduling delay in SCG is smaller than Toffset) are depicted in Figure 2a and Figure 2b, respectively. 
For the common case in Figure 2a, according to the scheduling restriction specified for dynamic power sharing with look-ahead, gNB should not schedule such a dark blue PUSCH in MCG with the scheduling DCI later than T0-Toffset. 
For the tight scheduling case in Figure 2b, the light blue PUSCH in MCG is scheduled before the yellow PUSCH’s scheduling DCI in SCG. Based on the current scheduling restriction, the light blue PUSCH is not allowed as its scheduling DCI is received after T0-Toffset. However, when receiving the light blue PUSCH’s scheduling DCI, the UE is not yet aware of the yellow PUSCH in SCG. In this case, the UE would allocate power for the light blue PUSCH in MCG after receiving its scheduling DCI. After receiving the yellow PUSCH’s scheduling DCI in SCG, the remaining power can be allocated to yellow PUSCH in SCG. This procedure is aligned with the priority rule between MCG and SCG in MR-DC, i.e., MCG is prioritized over SCG.
In Figure 2b, the scheduling restriction is still needed. The dark blue PUSCH in MCG is not allowed as it is overlapping with the yellow PUSCH in SCG and its scheduling DCI is later than the DCI scheduling the yellow PUSCH in SCG. In this case, the same scheduling restriction should be applied assuming that Toffset equals to the time interval between the last symbol of PDCCH and the first symbol of the PUSCH in SCG (i.e., the scheduling delay).
To accommodate the tight scheduling case, the actual value of Toffset (denoted as Toffset_actual) could be updated as below:
If the scheduling delay for a certain transmission occasion in SCG is larger than Toffset, Toffset_actual = Toffset;
If the scheduling delay for a certain transmission occasion in SCG is smaller than Toffset, Toffset_actual = scheduling delay.
Proposal 2: To accommodate the tight scheduling case, the actual value of Toffset (denoted as Toffset_actual) can be determined as below.
· If the scheduling delay for a certain transmission occasion in SCG is larger than Toffset, Toffset_actual = Toffset;
· If the scheduling delay for a certain transmission occasion in SCG is smaller than Toffset, Toffset_actual = scheduling delay.
 
[image: ]            [image: ]
Figure 2a. Common case                      Figure 2b. Tight scheduling case
Considerations for some remaining issues
Handling TPC Commands in DCI format 2-2/2-3
[bookmark: OLE_LINK5]This issue can be analyzed for DG PUSCH and CG PUSCH in MCG separately. For DG PUSCH case, as shown in Figure 3, PUSCH1 in SCG and DG PUSCH2 in MCG overlap each other. For the possible TPC commands for DG PUSCH2, the accumulation period is from the last symbol of the dark blue DCI to the last symbol of the green DCI. The scheduling restriction to MCG can guarantee the green DCI must be no later than the time instance T0-Toffset. Thus, all possible accumulated DCI format 2-2 that can be applied for DG PUSCH2 will not be later than the time instance T0-Toffset.
[image: ]
Figure 3 DG PUSCH case in MCG
For CG PUSCH case, as shown in Figure 4, PUSCH1 in SCG overlaps with DG PUSCH2 in MCG. Similar as DG PUSCH case as mentioned above, the accumulation period for TPC commands is depicted in Figure 4. For CG PUSCH2 in MCG without scheduling DCI, the time instance T0-Toffset may be before, after or in the mid of the accumulation period for TPC accumulation for the CG PUSCH in MCG. In Figure 4, the accumulation period for TPC commands is divided into two durations: t1 and t2. With Alt 1, DCI format 2_2s received in t1 can be applied for CG PUSCH2. While for the DCI format 2_2s received in t2, UE will ignore then when computing the power for the CG PUSCH2. With Alt 3, during t2, any DCI formation 2_2 for MCG is not allowed to transmit by gNB. Considering DCI format 2_2 is group-common DCI, this kind of restriction may be too restrictive to network implementation. Based on the analysis, we support Alt 1 for this issue.
[image: ]
Figure 4 CG PUSCH case in MCG
[bookmark: OLE_LINK4]DCI format 2_3 can used to indicate TPC commands for SRS transmissions by one or more UEs. Along with a TPC command, a SRS request may also be transmitted. From our understanding, the same rule for DCI format 2_2 can be reused for DCI format 2_3.
Proposal 3: With dynamic power sharing with look-ahead, for determining the power of UL transmission starting in T0 in SCG, UE ignores the DCI format 2_2/2_3 received after T0-Toffset that may impact the power for PUSCHs/SRSs in MCG that are overlapping with the UL transmission in SCG. (Alt.1)
Handling UL Transmission Cancellation on MCG
DCI format 2_0 and 2_4 can both cancel UL transmission, so first of all, a common solution for format 2_0 and 2_4 is desirable. As both DCI format 2_0 and 2_4 are group-common DCI, if UE is not expected to receive DCI format 2_0/2_4 after T0-Toffset, all UEs in this group cannot receive information indicated by DCI format 2_0/2_4 after T0-Toffset. The periodicity and offset for DCI format 2_0/2_4 are configured semi-statically, the gNB may have no chance to re-transmit the cancelled format 2_0/2_4. So Alt 1 is our preference.
Proposal 4: With dynamic power sharing with look-ahead, for determining the power of UL transmission starting in T0 in SCG, UE ignores the cancellation commands (i.e., DCI format 2_0/2_4) received after T0-Toffset for UL transmissions in MCG that are overlapping with the UL transmission in SCG. (Alt.1)
For CG-PUSCH, there is no corresponding scheduling DCI. Two potential approaches could be considered for CG-PUSCH in MCG.
Approach#1: UE assumes that actual CG-PUSCH transmission exists in every transmission occasion.
Approach#2: If the time instance {T1 – Tproc,2} is earlier than {T0 – Toffset}, this CG-PUSCH is considered into the power calculation (i.e., Example 1). Otherwise, if the time instance {T1 – Tproc,2} is later than {T0 – Toffset}, this CG-PUSCH is not considered into the power calculation (i.e., Example 2).



Proposal 5: With dynamic power sharing with look-ahead, for determining the power of UL transmission starting in T0 in SCG, RAN1 considers the following two approaches for the CG-PUSCH starting in T1 in MCG that are overlapping with the UL transmission in SCG:
· Approach#1: UE assumes that actual CG-PUSCH transmission exists in every transmission occasion.
· Approach#2: If the time instance {T1 – Tproc,2} is earlier than {T0 – Toffset}, this CG-PUSCH is considered into the power calculation. Otherwise, if the time instance {T1 – Tproc,2} is later than {T0 – Toffset}, this CG-PUSCH is not considered into the power calculation.
As for the UL skipping defined in 5.4.3.1.3 of TS 38.321, RAN1 sent a LS in R1-2001376 to reply RAN2’s LS R2-1916572. RAN1 is still wait for RAN2’s response and the UE behaviors for UL skipping is still under discussion. From this perspective, it would be safe to postpone the power control discussion for UL skipping until RAN1 receives RAN2’s reply LS.
Power Determination for PUCCHand SRS Transmission
For P/SP PUCCH resource (expect for SRS) and P/SP SRS resource, there are always UL transmission for each periodic occasion. For SRS, UE may or may not have actual transmission in each SRS occasion.The simplest solution is to always assume there is transmission in the periodic occasion. So Alt 1 is preferred.
Specifically for SP PUCCH resources and SP SRS resources, only activated resource should be considered as there is definitely no transmission in the inactivated resource.
Proposal 6: With dynamic power sharing with look-ahead, for determining the power of UL transmission in SCG, UE assumes there is always actual transmission in the periodic and activated semi-persistent PUCCH resource and SRS resource in MCG.
Conclusion
In this contribution, based on the discussion and analysis on remaining issues on power control for NR-DC, the following proposals are presented.
Proposal 1: The previous working assumption on Toffset is replaced with the following:
· UE reports its supported Toffset values via UE capability, e.g., {0.5ms 1ms}
· Introduce a RRC parameter to configure the Toffset value for each UE per frequency range.
Proposal 2: To accommodate the tight scheduling case, the actual value of Toffset (denoted as Toffset_actual) can be determined as below.
· If the scheduling delay for a certain transmission occasion in SCG is larger than Toffset, Toffset_actual = Toffset;
· If the scheduling delay for a certain transmission occasion in SCG is smaller than Toffset, Toffset_actual = scheduling delay.
Proposal 3: With dynamic power sharing with look-ahead, for determining the power of UL transmission starting in T0 in SCG, UE ignores the DCI format 2_2/2_3 received after T0-Toffset that may impact the power for PUSCHs/SRSs in MCG that are overlapping with the UL transmission in SCG. (Alt.1)
Proposal 4: With dynamic power sharing with look-ahead, for determining the power of UL transmission starting in T0 in SCG, UE ignores the cancellation commands (i.e., DCI format 2_0/2_4) received after T0-Toffset for UL transmissions in MCG that are overlapping with the UL transmission in SCG. (Alt.1)
Proposal 5: With dynamic power sharing with look-ahead, for determining the power of UL transmission starting in T0 in SCG, RAN1 considers the following two approaches for the CG-PUSCH starting in T1 in MCG that are overlapping with the UL transmission in SCG:
· Approach#1: UE assumes that actual CG-PUSCH transmission exists in every transmission occasion.
· Approach#2: If the time instance {T1 – Tproc,2} is earlier than {T0 – Toffset}, this CG-PUSCH is considered into the power calculation. Otherwise, if the time instance {T1 – Tproc,2} is later than {T0 – Toffset}, this CG-PUSCH is not considered into the power calculation.

[bookmark: _GoBack]Proposal 6: With dynamic power sharing with look-ahead, for determining the power of UL transmission in SCG, UE assumes there is always actual transmission in the periodic and activated semi-persistent PUCCH resource and SRS resource in MCG.
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