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Introduction
5G NR supports power sharing for LTE-NR non-standalone (NSA) architecture Option 3, known as EUTRA-NR dual connectivity or EN-DC, where LTE is the master cell group (MCG) and NR is the secondary cell group (SCG). In this case, power sharing is based on a maximum configured power level for LTE (P_LTE), a maximum configured power level for NR (P_NR), and a maximum configured aggregate power level across the two RATs (P_{EN-DC, Total}), by adopting one the following methods [1, TS 38.213]:
· Semi-static power sharing: when P_LTE + P_NR ≤ P_{EN-DC, Total};
· Dynamic power sharing: when P_LTE + P_NR > P_{EN-DC, Total} AND the UE is capable of dynamic power sharing (a.k.a., Type 1 UE), then the power setting for LTE (which is the MCG)  is not changed, and in case of power-limitation, NR (which is the SCG) scales down power or drops the transmission; 
· Single uplink operation: when P_LTE + P_NR > P_{EN-DC, total} AND the UE is not capable of dynamic power sharing (a.k.a., Type 2 UE), then the UE is configured with a reference DL/UL TDD configuration (for an FDD cell): LTE can only make UL transmissions on the designated UL subframes for LTE, on which NR is not allowed to make any UL transmission. NR can only make UL transmission on the designated DL subframes for LTE. 
5G NR is also aimed to support power sharing for LTE-NR non-standalone (NSA) architecture Option 4, known as NR-EUTRA dual connectivity or NE-DC, where NR is the master cell group (MCG) and LTE is the secondary cell group (SCG). Several agreements (see Annex) were made in RAN1#94-Bis [2] regarding NE-DC power sharing. In particular, it was agreed to reuse the parameters P_LTE and P_NR for NE-DC, in addition to a support for the three aforementioned modes of operation as in EN-DC, in particular the SUO mode. However, for dynamic NE-DC power sharing, only a preliminary agreement was made and detailed solutions were left open. 
In this contribution, we provide our views on detailed solutions for NE-DC based on the agreements in RAN1#94-Bis as well as our previous proposals in [3]. 
Dynamic NE-DC Power Sharing
The agreement in RAN1#94-Bis clarified three categories of solutions for dynamic NE-DC power sharing. In the following, we briefly describe these categories and examine their merits and drawbacks. 
· Category A: To reuse the same solution as in dynamic EN-DC power sharing but with the roles of LTE and NR swapped/reversed, i.e., NR power setting is kept fixed, and LTE is power scaled down or dropped in power-limited situations. Two detailed solutions were proposed under this “fast LTE” category, namely Option-2 and Option-3. In both cases, it is assumed that LTE operation (or at least LTE power setting) can be adjusted fast enough or at least “just in time” to accommodate an NR grant that may be received later. The merit of the solutions in Category A is that, they avoid a power scaling or dropping of the NR MCG. However, the drawback of these solutions is that, they require either significant changes to LTE specifications and implementation or increases NR processing time to be slow in similar order as LTE. If neither of these can be realized, then LTE power scaling is not feasible and the only possibility is dropping/stopping LTE. All consequences are not favourable since dropping/stopping LTE penalizes the LTE performance while increasing NR processing time limits the merits of NR design, including achieving latency requirements considered for 5G eMBB and URLLC. 

· Category B: To reuse exactly the same solution as in dynamic EN-DC power sharing, i.e., LTE power setting is kept fixed, and NR is power scaled down in power-limited situations, i.e., Option-1.5. The merit of this solution is avoiding any additional specification work. However, the drawback of this solution is that, it either can lead to frequently scaling/dropping NR (if P_LTE is configured as full UE power) or can limit LTE power regardless of whether or not an overlap between LTE and NR is possible (if P_LTE is configured strictly smaller than the full UE power). The former consequence is unfavourable since NR is the MCG and should be prioritized as much as possible, and the latter consequence is unfavourable since LTE power cannot reach the full UE power even if it has no possible overlap with NR. 

· Category C: Solutions similar to EN-DC dynamic EN-DC power sharing, that is LTE power setting is decided first and the remaining power is then allocated to NR, but to assign two different maximum power limits based on whether or not an overlap between LTE and NR is possible. A possible overlap between LTE and NR is assumed to be known based on semi-static information of LTE and NR slot configurations. Two detailed solutions were proposed under this category as Option-1a and Option-1b. In Option-1a, the maximum configured power for LTE is bounded by P_LTE when there is no possible overlap between LTE and NR, and by a semi-static factor of P_LTE, say r*P_LTE, when there is a possible overlap between LTE and NR. In Option-1b, the maximum configured power for LTE when there is no possible overlap between LTE and NR is bounded by Pcmax for LTE without considering P_LTE as there is no possibility of a NR transmission, and is bounded by P_LTE when there is a possible overlap between LTE and NR. The drawbacks of the solutions in Category C are that they lead to some level of power scaling for the NR SCG and also require some specification work. 

However, the merit of this Category C solutions is that frequent dropping/stopping of LTE is avoided (in contrast with Category A if power adjustment timeline is not met), and frequent scaling/dropping of NR is avoided (in contrast with Category B). In particular, r*P_LTE in Option-1a and P_LTE in Option-1b can be interpreted as capturing a minimum guaranteed power (MGP) for LTE in the case of possible overlap with NR, that is, LTE receives at least up to an MGP level (and possibly higher in case of no possible overlap), and the remaining power is allocated to NR. The MGP configured in NE-DC under Category C solutions is likely to not be the full UE power for NE-DC operation (e.g., smaller than 23dBm for the case of power class C UE), so that even in the case of possible overlap between LTE and NR, the NR MCG is not likely to be dropped. Note that, this is in contrast with the case of EN-DC, where a configuration for P_LTE as full UE power (e.g., equal to 23dBm for a power class C UE) for LTE as MCG is likely to be the case. For NR however, it is fine to configure P_NR as the full UE power for NE-DC operation, same as in the EN-DC operation. 
Note that, for EN-DC, no MGP was adopted for SCG NR, since LTE was considered to always have a higher priority and EN-DC power sharing should have minimal impact to LTE specification with implementation specific design to reserve power for NR. (RAN1#90 agreement noted that “The network will still have flexibility to prioritize or reserve certain NR transmission power depending on network implementation” [4].) However, for NE-DC, it is indeed valid to assume that NR is aware of the LTE presence (e.g., due to the generally faster processing time of NR) and so can reserve some configured MGP for LTE operation. If NR is aware that there is no overlapping LTE transmission, NR does not need to reserve power for LTE SCG. If LTE is aware that there is no overlapping NR MCG transmission without look-ahead (e.g., based on semi-static information of NR slot configuration, or knowledge that NR processing time is same order as LTE), LTE SCG can be allocated power more than the configured MGP (up to a maximum configured power level for LTE).  
Based on the discussion above, we believe that solutions in Category C are better than those in Category A and B. Within Category C, we have a preference for Option-1b as the two options (1a and 1b) are quite equivalent, with Option-1b not requiring any new RRC parameter, in contrast to a RRC parameter for the factor ‘r’ needed for Option-1a.
It can be noted that with the two cases defined in Option-1b for NE-DC operation, it is possible to define Type-1 and Type-2 UEs still based on the P_LTE parameter, since it is the relevant power limit for the case of possible overlap between LTE and NR. It is also important to clarify the two cases in Option-1b in an LS to RAN4 and request for appropriate definition of Pcmax based on these two cases for NE-DC. 
Proposal: For NE-DC dynamic power sharing: 
· Adopt Option 1b from RAN1#94-Bis agreement as the solution for dynamic NE-DC power sharing (with P_LTE as the minimum guaranteed power for LTE when possibly overlapping with NR);
· Type-1 and Type-2 UEs are defined based on P_LTE and P_NR parameters;
· Send an LS to RAN4 and request for appropriate definition of Pcmax in NE-DC operation based on the two cases in Option 1b.  
Conclusion
In summary, we propose the followings for NE-DC power sharing:
Proposal: For NE-DC dynamic power sharing: 
· Adopt Option 1b from RAN1#94-Bis agreement as the solution for dynamic NE-DC power sharing (with P_LTE as the minimum guaranteed power for LTE when possibly overlapping with NR);
· Type-1 and Type-2 UEs are defined based on P_LTE and P_NR parameters; 
· Send an LS to RAN4 and request for appropriate definition of Pcmax in NE-DC operation based on the two cases in Option 1b. 
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Annex – Related Agreements from RAN1#94-Bis
Agreement:
Rel-15 NE-DC supports the following cases that have been defined for EN-DC:
· SUO case 1 and case 2 operation
· Semi-static power allocation
· Dynamic power sharing
· Type 1 and Type 2 defined for EN-DC are also defined for NE-DC

Agreement:
For SUO Case 1, functionality for EN_DC can be reused


Agreement:
For NE-DC, the parameters P_LTE and P_NR specified for EN_DC power sharing can be reused.

Agreement:
For NE-DC dynamic power sharing, different maximum transmit power for LTE in subframes where there is a possible overlap and there is not an overlap with NR UL symbol(s) is supported.
· Note: Whether there is a possible overlap or not between LTE and NR UL is assumed to be known on a semi-static basis.
· Note: LTE power is not assumed to vary in a subframe
· FFS: Option 1a, 1b below or some combination of these
· Options 1.5, 2 and 3 below as well as other enhancements to option 1a and 1b can be further discussed

Option 1a:
For NE-DC dynamic power sharing, the following are specified:
· UE is configured with p_LTE for LTE, r(<=1), and with p_NR for NR
· For an LTE subframe that overlaps with any possible NR UL symbol(s), set LTE power limit Pcmax<=p_LTE*r; otherwise, set power LTE limit Pcmax<=p_LTE.
· A possible NR UL symbol is identified as an NR symbol configured as flexible or UL based on cell-specific or UE-specific (if configured) tdd_UL_DL_Configuration_Common/dedicated.
· The remaining power up to p_NR is allocated to NR by setting NR power limit as Pcmax<= min(p_NR, p_total-p_lte_actual) where p_lte_actual is the power allocated to LTE.
· Implications:
· MCG power is scaled
· Pcmax for LTE power control needs to be modified

Option 1b:
For NE-DC dynamic power sharing, the following are specified:
· UE is configured with p_LTE for LTE, and with p_NR for NR
· For an LTE subframe that overlaps with any possible NR UL symbol(s), set LTE power limit Pcmax<=p_LTE; otherwise, set power LTE limit to Pcmax (p_LTE not considered).
· A possible NR UL symbol is identified as an NR symbol configured as flexible or UL based on cell-specific or UE-specific (if configured) tdd_UL_DL_Configuration_Common/dedicated.
· The remaining power up to p_NR is allocated to NR by setting NR power limit as Pcmax<= min(p_NR, p_total-p_lte_actual) where p_lte_actual is the power allocated to LTE.
· Implications:
· MCG power is scaled
· P_cmax for LTE power control needs to be modified and possibly other restrictions
· No capability to keep power same across all subframes if p_LTE is less than Pcmax.

Option 1.5:
For NE-DC dynamic power sharing, the following are specified:
· UE is configured with p_LTE for LTE, and with p_NR for NR
· Set LTE power limit Pcmax=p_LTE; 
· The remaining power up to p_NR is allocated to NR by setting NR power limit as Pcmax= min(p_NR, p_total-p_lte_actual) where p_lte_actual is the power allocated to LTE.
· Implications:
· MCG power is scaled
· P_cmax for LTE power control needs to be modified
· LTE power is always limited regardless of overlapped subframes or not

Option 2:
Fast LTE power adjustment as fast as NR for NE-DC with an associated UE capability with the following implications is supported
· PHR for LTE is not adjusted based on this fast power adjustment
· HARQ processing timeline is not changed, and therefore grant can be sent based on a different power assumption than is true for the actual transmission
· LTE will have the same power during a subframe or the subframe will be dropped
· LTE will have potentially significant number of subframes dropped for asynchronous NE-DC
· There is significant impact to the LTE power control procedure

Option 3:
· The threshold on the time difference from the end of the last symbol of NR PDCCH carrying NR UL scheduling to the start of the first overlapping LTE UL above which UE can scale LTE power is reported by the UE from the following candidate values:
· N2 NR symbols
· (2*14*[1]3) NR symbols (corresponding to ~[1] ms time difference)
· (2*14*33)  NR symbols (corresponding to ~3 ms time difference)
Where =0/1/2 for 15/30/60 kHz SCS, respectively
· Note: 3ms is the scheduling delay for LTE sTTI
· Implications:
· PHR for LTE is not adjusted based on this fast power adjustment
· HARQ processing timeline is not changed, and therefore grant can be sent based on a different power assumption than is true for the actual transmission
· There is significant impact to the LTE power control procedure
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