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1. Introduction
In this contribution, we discuss dynamic power sharing with LTE sTTI for dual connectivity and reusing unused power known by semi-static configuration in dual connectivity. 
2. Discussion on power sharing for dual connectivity
2.1. Power sharing between LTE short TTI and NR
When a UE needs to adapt its power in NR transmission when it reaches power limited case, the information on LTE transmission should be known at the time of NR power determination for concurrent transmissions. However, when short TTI or reduced processing time operation in LTE is configured, the processing time budget becomes much smaller. If short TTI uplink transmission is scheduled after power determination on NR transmission has completed, it becomes challenging to adjust the power. In NR, there are two UE capabilities (capability #1 and #2) in terms of processing time between PDCCH and PUSCH or between PDSCH and PUCCH as follows: 
Table 2-1. UE Processing Time and HARQ Timing (Capability #1)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	8
	10
	17
	20

	Front-loaded + additional DMRS
	N1
	Symbols
	13
	13
	20
	24

	Frequency-first RE-mapping
	N21
	Symbols
	10
	12
	23
	36



Table 2. UE Processing Time and HARQ Timing (Capability #2)
	Configuration
	HARQ Timing Parameter
	Units
	15 KHz SCS
	30 KHz SCS

	Front-loaded DMRS only
	N1
	Symbols
	[2.5-4]
	[2.5-6]

	Front-loaded + additional DMRS
	N1
	Symbols
	[12]
	[12]

	Frequency-first RE-mapping
	N2
	Symbols
	[2.5-6]
	[2.5-6]



If there is no inter-module latency between LTE and NR, from the processing time perspective, NR’s processing time is generally faster than LTE (except for additional DM-RS case in capability #1). Thus, even with short TTI operation, it may be possible to prioritize LTE. Yet, as the processing time requirement is different with and without sTTI, in terms of dynamic power sharing, we can consider separate UE capability as (1) dynamic power sharing support between legacy TTI in LTE and NR and (2) dynamic power sharing support between sTTI/legacy TTI in LTE and NR. 
In case, a UE supports dynamic power sharing between legacy TTI in LTE and NR and the UE is configured with sTTI operation in LTE, we can consider two approaches. First approach is not to allow dynamic power sharing between LTE and NR such that the sum of configured power on LTE and NR does not exceed UE’s maximum power. This would restrict the coverage. Another approach is to configure separate maximum power usable for legacy TTI and short TTI. Another maximum power P_LTE_2 can be used for short TTI or reduced processing time transmission where P_LTE_2 + P_NR <= P_cmax. In other words, the total power between short TTI or reduced processing time and NR transmission may not exceed UE maximum power. 
If dynamic power sharing is required to allocate more power to P_LTE_2, it is necessary for network to know what processing time an UE has. Such a processing time can be defined as the time from LTE DL/UL grant timing to HARQ ACK or PUSCH transmission timing, which is shown in figure 1. 
[image: ]
Figure 1. Processing time from LTE UL/DL grant to HARQ ACK/PUSCH transmission
In this figure, in order to transmit NR HARQ ACK/PUSCH considering P_cmax – P_LTE_2, it should be guaranteed that the time from grant to uplink transmission is larger than T0+T1, where T0 is defined as time to send LTE power to NR modem after decoding grant, and T1 is defined as the processing time of remaining NR processing after adjusting power. Since the time T0+T1 is a different UE ability, it can be reported to network by UE capability. Then, network can have co-schedule LTE sTTI and NR transmission only when ensuring processing time. 
If assuming that the grant is on n sTTI and HARQ ACK/PUSCH is on n+K sTTI, the possible K value is 4, 6, 8 DL sTTI or 4, 6, 8 UL sTTI. These values can be calculated as
1subframe TTI: 4ms
UL/DL 1slot TTI: 2ms
UL/DL 2/3 OS TTI: (600us, 1ms, 1.33ms)
UL 1slot TTI, DL 2/3 OS TTI, HARQ timing: (600us, 1ms, 1.33ms)
UL 1slot TTI, DL 2/3 OS TTI, PUSCH scheduling timing: 2ms
Based on that, the possible physical values can be 0.6ms, 1ms, 1.33ms, 2ms, 4ms, and UE capability for processing time can be defined as whether it is larger or smaller. 
Proposal 1: For dynamic power sharing between LTE sTTI and NR in dual connectivity, it is necessary to define UE capability on processing time whether it is larger or smaller than 0.6ms, 1ms, 1.33ms, 2ms, 4ms.
Since supporting dynamic power sharing between LTE sTTI and NR in dual connectivity is UE ability, it can be UE capability different from dynamic power sharing between LTE subframe TTI and NR. If dynamic power sharing is supported, NR scales power in case the total power exceeds UE maximum. Otherwise, semi-static power split (i.e., P_LTE + P_NR <= PCMax) is assumed.
Proposal 2: Supporting dynamic power sharing between LTE sTTI and NR in dual connectivity is UE capability different from dynamic power sharing between LTE subframe TTI and NR. If dynamic power sharing is supported, NR scales power in case the total power exceeds UE maximum. Otherwise, semi-static power split (i.e., P_LTE + P_NR <= PCMax) is assumed. 
2.2. Reuse unused power known by semi-static configuration
When power is semi-statically configured to each CG, unless the configured power is P_cmax, it happens that the total power used by both CG becomes less than P_cmax even though a UE needs up to P_cmax. When FDD (LTE CG) and TDD (NR CG) are aggregated or (vice versa), in downlink resource of TDD CG, the UE can use the total power on one CG with FDD. Or, if a CG is configured with DRX or measurement gap, it is also possible that the UE can use the total power on one CG without measurement gap or DRX configurations. 
To address this issue, one potential approach is to configure allocated power lower than P_cmax per each CG, and allow up to P_cmax when there is no UL transmission in another CG, and the UE knows it by the configuration. In case LTE modem or NR modem may not know semi-static configuration of the other CG, one simple approach to consider is to configure different maximum power per a subframe set or per slot set where the network via coordination can obtain further information about unused resources by one CG. In other words, multiple resource sets with different maximum power can be configured. 
Proposal 3: In NR-LTE power sharing, a mechanism to allow utilizing unused power of one CG in another CG is supported. Possible candidate is to either rely on UE-knowledge (e.g., by semi-static configuration) or configure multiple resource sets with different maximum power setting.
3. Conclusion
Proposal 1: For dynamic power sharing between LTE sTTI and NR in dual connectivity, it is necessary to define UE capability on processing time whether it is larger or smaller than 0.6ms, 1ms, 1.33ms, 2ms, 4ms.
Proposal 2: Supporting dynamic power sharing between LTE sTTI and NR in dual connectivity is UE capability different from dynamic power sharing between LTE subframe TTI and NR. If dynamic power sharing is supported, NR scales power in case the total power exceeds UE maximum. Otherwise, semi-static power split (i.e., P_LTE + P_NR <= PCMax) is assumed. 
Proposal 3: In NR-LTE power sharing, a mechanism to allow utilizing unused power of one CG in another CG is supported. Possible candidate is to either rely on UE-knowledge (e.g., by semi-static configuration) or configure multiple resource sets with different maximum power setting.
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