3GPP TSG RAN WG1 Meeting 90bis	R1-1717984
Prague, CZ, 9th – 13th, October 2017

Agenda Item:	7.6.2
Source: 	LG Electronics
Title: 	Discussion on further details on dynamic power sharing for LTE-NR DC
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction
In this contribution, we discuss on further details on power sharing in LTE-NR dual connectivity scenarios. In RAN1#90 [1], the followings were agreed. 
	Agreements:
· At least for LTE-NR NSA operation
· Maximum allowed power values for LTE (P_LTE) and NR (P_NR) are set separately
· i.e., when UE is configured for NR, P_LTE can be configured up to P_cmax and  P_NR can be configured up to P_cmax. 
· e.g. P_LTE + P_NR > P_cmax or P_LTE + P_NR = P_cmax
· Signaling details for P_LTE, P_NR are left to RAN2, RAN4.
· Note: ‘P_cmax’ is a limit that is similar to ‘The configured maximum UE output power’ that was specified for LTE.
· Note: The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation
· All UEs are mandated to handle P_LTE + P_NR = P_cmax while handling of P_LTE + P_NR > P_cmax depends on UE capability
· At least, when DL/UL LTE sTTI/reduced UE processing time based operation is not configured for the UE, if total transmit power exceeds P_cmax when there is simultaneous NR and LTE UL tx, 
· For NR, UE scales down/drops NR transmission and NR power scaling details are left to UE implementation (note: it is not intended to have RAN4 test from RAN1 perspective)
· If there are two or more UL carriers, the power scaling or tx dropping can be performed for each of the UL carriers separately or jointly up to UE implementation
· For LTE, no change in power control procedure
· FFS the case when DL/UL LTE sTTI/reduced UE processing time based operation is configured for the UE
· The following is FFS
· The case when P_NR is configured such that P_NR < P_cmax, and UE can use power up to P_cmax in NR when it knows that there will be no UL transmission in LTE by semi-static configuration (e.g., measurement gap, DL/UL configuration)


[bookmark: _GoBack]This contribution discusses remaining issues for LTE-NR power sharing. This is resubmission of R1-1715903. 
2. Discussion on power control in LTE-NR DC
In previous meeting, it has been agreed that power sharing may be achieved by network configuration for UEs having capability to support power sharing. In configuration of maximum power per CG, it can be configured up to P_cmax where if a UE reaches power limited situation, it reduces the power in NR transmission by P_cmax - PCLTE where PCLTE is the power used for LTE transmission. 
In this contribution, we discuss further on FFS points, namely handling of short TTI and utilizing unused power in case the allocated power to each CG is less than PCmax. 
(1) Power sharing in short TTI and/or reduced process time is configured
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 this sense, configuration of the case P_LTE + P_NR > P_cmax may be restricted to the case where NR processing time is equal or shorter than the configured reduced processing time or short TTI operation. Another simple approach is to configure another maximum power P_LTE_2 which 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. As the power control on short TTI or reduced processing time has not been finalized, whether this would require LTE specification change or not is not clear at this point. Thus, further details on short TTI and/or reduced processing time aspects can be revisited after power control in LTE is finalized. 
Proposal 1: Revisit handling of power sharing between LTE and NR for the case when short TTI or reduced processing time is configured after short TTI WI is finalized.
(2) Reuse of 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, potential solution is to configure P_cmax to each CG. The drawback of this approach is that it could lead fluctuating power at NR side when a UE experiences power limited case. To minimize performance degradation at NR side, if the allocated power is lower than P_cmax, power can be wasted in case one CG does not use the power at all by semi-static configuration as well. Alternatively, power less than P_cmax may be configured to LTE whereas P_cmax is configured to NR CG. In this case, it can be behaved as if guaranteed power allocation (P_cmax – P_LTE) is allocated to NR CG, and NR CG can utilize unused power from LTE CG. This way would allow at least minimum guaranteed power at NR, and also allow NR to utilize up to P_cmax when there is no LTE transmission (either by dynamic scheduling or semi-static configuration). Drawback of this approach is that LTE CG cannot utilize the power up to P_cmax even though there is no transmission in NR side. 
To address this issue, another 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 model 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 resource 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 2: 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
This contribution discussed power control for dual connectivity, and proposed the followings. 
Proposal 1: Revisit handling of power sharing between LTE and NR for the case when short TTI or reduced processing time is configured after short TTI WI is finalized.
Proposal 2: 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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