


3GPP TSG RAN WG1 #96-bis	R1-1904938
Xi’an, China, 8th – 12th April 2019



[bookmark: Source]Agenda item:	7.2.13.1
Source: 	Motorola Mobility, Lenovo
[bookmark: Title]Title: 	Uplink power control for NR-NR dual-connectivity 
[bookmark: DocumentFor]Document for:	Discussion and Decision  
Introduction
Power control for NR-NR dual-connectivity (also known as NR-DC or NN-DC) for the case of FR1+FR2 is already specified for both synchronous deployment (Rel-15 late drop) and asynchronous deployment (Rel-16), so that no power sharing between the two CGs is defined. 
Focusing on the more challenging case that both CGs are in the same frequency range (FR1), power sharing mechanism for NN-DC has been discussed in the previous two meetings, and two main solutions have been proposed: 
· Semi-static power sharing (and/or single uplink operation);
· Dynamic power sharing.
Although no conclusion has been made yet, an email discussion was conducted in two phases (see notes below) that helped take two useful steps towards specification of the NN-DC power sharing scheme: (i) to identify the advantages and disadvantages of each scheme, and (ii) detailed description of each scheme. 
Excerpt from RAN1#96 Chairman Notes [1]
R1-1903645
Proposals:
· For Rel. 16 NR-DC with FR1+FR1 band combinations, both the semi-static power sharing and dynamic power sharing modes are supported.

R1-1903778
Proposals:
· For Rel. 16 NR-DC with FR1+FR1 band combinations both the semi-static power sharing and dynamic power sharing operations are supported.
· FFS whether each power sharing operation is associated with the UE capability.
Email discussion till 3/15 – Kianoush (QC)

Chairman guidance for phase-2 of the email discussion
· Email discussion on summarizing the proposed *detailed* power control schemes till 4/7 3/27 (two days before contribution the deadline) 
· Kianoush, please, provides a template (e.g., semi-static, dynamic, etc.) for email summary asap
· For the email summary, hopefully, the schemes can be summarized as scheme 1 (1.1, 1.2, …), scheme 2  (2.1, 2.2, …), etc.
 


In this contribution, we provide our views on the benefits of dynamic power sharing for NN-DC, and then propose our detailed solution to dynamic power sharing with or without look-ahead.
On the Benefits of Dynamic Power Sharing
In the following, we provide our views on the relative benefits of dynamic power sharing (DPS) over semi-static power sharing (SPS). 
The following aspects are usually mentioned by proponents as the key benefits of semi-static power sharing (SPS) or disadvantages of dynamic power sharing (DPS):
· SPS leads to a predictable network behavior, does not impact the link adaptation, and avoids introducing phase discontinuity; 
· Semi-static power sharing is easier to be implemented by the way of power hard splitting, especially in the case of asynchronous NR-NR DC. Since timeline alignment is more difficult in asynchronous NR-NR DC case, it is implementation-friendly to apply semi-static power sharing to maintain communication reliability.
· In asynchronous deployments, alignment of slot boundaries are not controlled; hence, it is challenging to track the symbol/slot alignment without tight coordination within UE modem  for deciding the maximum allowed power per cell group. . It may not be feasible for the UE to support tight coordination especially for asynchronous deployment. In the asynchronous DC mode, UE may not have a fast interface across the UE blocks (for the two CGs) carrying dynamic information.
· The prioritization rule for power allocation is different between NR-CA and NR-NR DC dynamic power sharing, since the latter is based on channel types, while the former is assumed to always prioritize MCG over SCG. Therefore, the UE needs to implement a different algorithm compared to NR-CA.
· In DPS operation, the two schedulers for MCG and SCG have slow/non-ideal backhaul and do not exchange scheduling information or high/low load information. Therefore, very likely the scheduler outer loop would actually push the MCS selection towards the minimum guaranteed power, in order to achieve a nominal 10% initial BLER, which completely negates any dynamic power sharing benefits.
· For LTE-DC, a very complicated DC power control scheme defined, which was never deployed. It may be needed to avoid repeating the same exercise again. 
Here are some observations and explanations about the above issues:
· SPS achieves predictable network behavior and intact link adaptation at the cost of limiting/capping the UL performance (throughput/coverage) in the first place by imposing maximum power limits and not allowing the UE to transmit with full/high power even if even a first CG is aware that a second CG does not use up all of its configured maximum power limit, i.e., the first CG cannot use the unused/left-over power from the second CG.
· DPS can (mostly) avoid phase discontinuity if the design of dynamic power sharing avoids re-calculation/re-adjustment of a transmit power after it is determined (regardless of the priority level of the upcoming transmissions). In addition, look-ahead for dynamic power sharing reduces or even eliminates chances of phase discontinuity events on an ongoing UL transmission by considering the scheduling information and priority levels of concurrent and upcoming transmissions when determining the transmit power for a given transmission.
· Supporting DPS without look-ahead does not impose extra implementation complexity for an NR-CA capable UE, which is already able to account for power scaling / dropping within a CG. For DPS without look-ahead, the UE needs to perform a similar operation across the two CGs (please see the next bullet). To implement dynamic power sharing with look-ahead may impose extra UE complexity, but is possibly favourable in view of the smarter power allocation and the benefit due to the (partially) avoided phase discontinuity issue. In addition, a similar enhancement for NR-CA is possible in Rel-16 or beyond, so this will improve the NR-CA performance as well.

· Regarding the power control algorithm for NR-CA and that for dynamic NR-DC power sharing, at least the following two options can be considered. In our view, the second option is more useful and should be selected.
· Option (i): MCG is always higher priority than SCG regardless of priority levels of channels/signals (so, power allocation between MCG and SCG is decoupled). It is proposed that the minimum guaranteed power on SCG can be configured such that, e.g., PUCCH/SRS on SCG are protected. This option is slightly different from NR-CA power control.
· Option (ii): Priority levels are applied across the two CGs (so, e.g., PUCCH is always higher priority than PUSCH without UCI regardless PUCCH/PUSCH are on MCS/SCG). However, for two UL transmissions with the same priority level, MCG>SCG. (Minimum guaranteed power and look-ahead can be still applied on top of this to improve the performance). The option is aligned with NR-CA power control.
· In view of the flexible numerology and transmission timing/length in NR, there is no fundamental difference between implementing synchronous and asynchronous NR-DC scenarios.
· Regarding how the network can schedule for power levels beyond the minimum guaranteed levels without “rolling a dice”, it appears to us that, there could be ways for each CG to be able to independently acquire/estimate/learn the required statistics of the other CG scheduling behavior, e.g., based on PHR and/or some/sufficient observation of the history of previous scheduling and transmission outcomes. Such approaches/statistics will enable each CG to push the RB allocation / MCS selection beyond the guaranteed power (e.g., 20dBm), and close to (but not necessarily equal to) the maximum UE output power (e.g., 23 dBm). Such statistics could be also able to express whether the drops come from UE missing a grant vs. dynamic NR-DC power sharing. The network can appropriately (re-)configure the min/max limits over time to improve the performance. HARQ operation can also help recover failed transmissions. 
· Regarding specification efforts and comparison to LTE-DC power control modes, in our view, an exercise similar to NR-CA can be repeated. Comparing LTE-CA and NR-CA power control, although the main principles (e.g., priority rules) are the same, NR specifications left some details to UE implementation, so NR-CA specification is (much) simpler than that of LTE-CA. We can do a similar exercise for NR-DC, and specify the main principles (e.g., look-ahead, minimum guaranteed power, power change for an ongoing transmission), borrow some principles from NR-CA / EN-DC (e.g., priority rules, dynamic power sharing), and leave the rest of the details to UE implementation. This should result in an NR-DC power control scheme that is (far) less complicated than that of LTE-DC.
In addition, the following key aspects for dynamic power sharing need special notice:
· To provide fairness to the two CGs, the two CGs may be configured with minimum guaranteed power (MGP) limits, so that no CG can use up all the UE power and deprive the other CG from power (unless there is certain/semi-static knowledge that the two CGs do not overlap in a certain transmission). The total power on a CG can never exceed P_{NR-DC, Total} – P{other CG, min}. Dynamic power sharing with configured minimum guaranteed power (MGP) for the two CGs also reduces such uncertainties about UL performance, link adaptation, and phase discontinuity. The MGPs are configured such that highest priority transmissions are protected;
· Dynamic power sharing with look-ahead provide the UE with a smarter power allocation across different transmissions in the two CGs: (i) Priority levels between different transmissions can be handled (much) better in power allocation since information about upcoming transmissions become available; (ii) Phase discontinuity issues can be avoided (much) more/better since, for a certain transmission, there will be (much) fewer overlapping transmissions, if any at all (depending on the level of look-ahead), that are scheduled after a power determination for that certain transmission is made by the UE. 

Based on the above responses, we make the following observation.
Observation 1: A dynamic NN-DC power sharing design based on the following design principles can outperform semi-static NN-DC power sharing:
· To boost the UL performance, no configured maximum power limits for the two CGs;
· To ensure fairness, minimum guaranteed powers (MGPs) are configured for the two CGs;
· To avoid phase discontinuity issues, transmit power for an UL transmission is not re-calculated/re-adjusted after it is determined – regardless of priority levels;
· To simplify implementation and align with NR-CA prioritization, priority rules are applied across the two CGs for overlapping transmissions whose power is concurrently determined, so that an UL channel/signal with lower priority is power scaled/dropped even if located on MCG. For two UL channels/signals with the same priority level, MCG>SCG. 
· To respect priority levels of upcoming transmission, look-ahead (with aggressive cut-off time) is needed. 

Proposal for NN-DC Power Control
Before providing details of our proposal, we would like to remind the WI description (WID) for the new WI on multi-RAT dual connectivity (DC) and carrier aggregation (CA) enhancement in Rel-16. In particular, we note that the WID recommends to take LTE mechanisms (i.e., PCM-1 and PCM-2) as baseline solutions. In our proposed solution, we make use of both LTE PCM-1 and PCM-2 mechanisms. 
Excerpt from WID in RP-182076 [2]
The objective of this work item is to investigate enhancements to DC and CA. At least the following topics should be considered in the work:

1. [bookmark: _Hlk516787901]Support of asynchronous and synchronous NR-NR Dual Connectivity [RAN1, RAN2, RAN4]
· UE power control [RAN1]
· RRC signalling to support of enhanced NR-NR DC [RAN2]
· Core requirements to support enhanced NR-NR DC [RAN4]
Note: Synchronous DC enhancements in this WID considers only cases not covered in Rel-15 exception sheet for NR WI NR_newRAT-Core. 
…
The work excludes combination of EN-DC and NR-NR DC configured for a UE.
At least scenarios with small cells should be considered, along with scenarios with large amounts of available cell bandwidth. Both FR1 and FR2 frequencies should be considered. The mechanisms already specified for LTE should be used as baseline for the work.


Our proposed solution for NR-DC dynamic power sharing (with or without look-ahead) can be briefly summarized as follows:
· Minimum guaranteed power (MGP) limits for the two CGs, e.g., P_{MCG, min} and P_{SCG, min}, are configured such that P_{MCG, min} + P_{SCG, min} <= P_{NR-DC, Total}.
· In case of a power-limited situation, i.e., P_{MCG} + P_{SCG} > P_{NR-DC, Total}, the UE allocates power for an UL transmission by: (i) considering allocated powers for overlapping transmissions whose power are already determined – regardless of priority levels; (ii) assigning power to higher priority, overlapping transmissions whose power is concurrently determined; (iii) respecting the MGPs, such that total power on a CG1 can never exceed P_{NR-DC, Total} – P{CG2, min}.
The above proposal for DPS (with or without look-ahead) can be expanded in more details as follows:
· Category 0 transmissions (earlier transmissions): those overlapping transmissions that start before the transmission of interest and whose transmission power allocations have been complete – no processing time available to take in to account “new” overlapping transmissions (including the transmission of interest). For these transmissions, the power is already allocated and cannot be (re-)shared or (re-)adjusted. They are similar to [i2-1] transmission in LTE-DC PCM2.
· Category 1 transmissions (concurrent transmissions before the scheduling/cut-off time): those overlapping transmissions that whose power is not determined yet, but whose grant/signaling has arrived before the scheduling/triggering/configuration time (for DPS without look-ahead) or before dynamic look-ahead cut-off time for NN-DC power control (for DPS with look-ahead). For these transmissions, the power can be allocated similar to LTE-DC PCM1 based on priority rules and MGP.
· Category 2 transmissions (concurrent transmissions after the scheduling/cut-off time): those overlapping transmissions whose power has not been determined yet, and whose grant/signaling arrives after the scheduling/triggering/configuration time (for DPS without look-ahead) or after dynamic look-ahead cut-off time for NN-DC power control (for DPS with look-ahead). For these transmissions, that are similar to [i2] transmissions in LTE-DC PCM2, only an MGP is reserved, as no further information is available to the UE. 
Proposal 1: For NN-DC power control, a combination of LTE-DC PCM1 and PCM-2 can be used. 
Finally, the above proposal can be formalized as the following mathematical expression. The descriptions below for the parameters/notations are for the case of DPS without look-ahead, but the same formula/parameters can used for the case of DPS with look-ahead, with the interpretation that “past” and “concurrent” transmission are based on cut-off times (as discussed in the next subsection) instead of the scheduling/triggering/configuration time. 
If the transmit power for an UL transmission occasion i1 on a CG satisfies  

then, the UE reduces the transmit power for the UL transmission occasion i1 so that P(i1) ≤ RHS, where:
·  denotes the transmit power for an UL transmission occasion i on a CG; 
·  denotes the configured maximum power for NR-DC operation in the corresponding FR1+FR1 band combination.
· For any given UL transmission occasion i1 on any CG,  denotes the configured minimum/reserved/guanraneteed power for the other CG. 
· For any given UL transmission occasion i on any CG, “scheduling/triggering/configuration information” corresponds to dynamic grant (i.e., DL or UL DCI) or higher layer signaling (e.g., RRC configuration for configured grant PUSCH) that schedules the UL transmission occasion i. 
· For any given UL transmission occasion i1 on any CG, “” denotes all UL transmission occasions i2 on the same CG or the other CG that:
· overlap with transmission occasion i1, and 
· whose scheduling/triggering/configuration information is received at the UE before the scheduling information/triggering/configuration for UL transmission occasion i1 is received at the UE.
· For any given UL transmission occasion i1 on any CG, “” denotes all UL transmission occasions i2 on the same CG or the other CG that:
· overlap with transmission occasion i1, and 
· whose scheduling/triggering/configuration information is received the UE at the same time when the scheduling/triggering/configuration information for UL transmission occasion i1 is received at the UE, and 
· which are higher priority than UL transmission occasion i1 per rules defined in [TS 38.213 Section 7.5]. 
· Note: In case of same priority order and for operation with dual connectivity, the UE prioritizes power allocation for transmissions on the MCG over transmissions on SCG. 
If there are multiple transmission occasions i1 on the same CG that:
· overlaps in time, and 
· are scheduled/triggered/configured at the same time, and 
· are at the same priority level per rules defined in [TS 38.213 Section 7.5], 
then  denotes the total power for all such transmission occasions (i.e., the sum of the linear values of UE transmit powers for those UL transmission occasions). Power scaling or dropping among such transmission occasions is up to UE implementation. 
Once a definition for a cut-off time is adopted, for power determination of a given transmission on a given CG, three categories of other overlapping transmissions can be defined:
Proposal 2: For power determination of any given UL transmission on a CG in NN-DC, the UE does not adjust power allocated to “past” UL transmission, and allocates remaining power for the higher-priority “concurrent” UL transmissions, while respecting the minimum guaranteed power (MGP) limits. Once the transmit power for a transmission is decided, the UE will not re-calculate/re-adjust the transmit power based on upcoming transmission (regardless of priority levels). 

Look-ahead and Cut-off Time for NN-DC Power Control 
In NN-DC, uplink transmissions on the two CGs with potentially different numerologies, different start time and different duration can overlap and lead to a power-limited situation. Moreover, the uplink transmissions are based on scheduling DCIs or other higher layer signalling that allocate UL resources and arrive at different points in time, and will be processed by the UE in different times. Therefore, a consideration when determining the power setting for a certain transmission is whether the UE can go beyond the semi-static “look-ahead” that is based on higher-layer signalling as considered in LTE-DC, and rely on a dynamic “look-ahead” into other upcoming, overlapping transmissions and take their transmission details (such as RB allocation, etc.) into account for the power determination at hand – this is possible in NR due to different timelines and processing times for different transmissions. 
Accordingly, one can define a “cut-off” time for the dynamic “look-ahead” in NN-DC power control, so that the UE can look-ahead into transmission that are early enough w.r.t. the cut-off time, but for transmissions that are later than the cut-off time, the UE is not able to do look-ahead for power determination of the transmission of interest. The cut-off time can be a conservative value such as the reception time of the DCI grant / higher layer signalling, or more aggressive such as the uplink transmission time offset by a number of symbols, e.g., UE processing duration / PUSCH preparation time [4, TS 38.214]. The closer a cut-off time is to the uplink transmission time, the more “look-ahead” is available to the UE since details about many overlapping transmissions will be known. The closer a cut-off time is to the grant/signalling time, the less “look-ahead” is available to the UE since details about few overlapping transmissions may be known. 
Proposal 3: In NN-DC, power determination of any given UL transmission on a CG can be based on dynamic “look-ahead”, so that UE can take into account other UL transmissions before a certain “cut-off” time. 
Proposal 4: The cut-off time for power determination in NN-DC and the degree of aggressiveness of the cut-off time relative to the uplink transmission time needs to be further studied. 
Minimum guaranteed power (MGP) for NN-DC 
Minimum guaranteed power (MGP) for a cell group (CG) can ensure that no CG is totally deprived of at least some amount/fraction of the UE transmit power. In LTE, MGP is defined as an RRC configured fraction (say, γ_CG) of the dual connectivity Pcmax. In 5G NR, due to different numerologies and processing times, and existence of mini-slots, definition of MGP for NR-DC needs to be revisited. In particular, it is possible that a transmission on a CG overlaps with multiple transmissions on another CG. At least several options can be considered as below for definition of MGP for NR-DC:
a) MGP is an RRC configured fraction of the maximum dual connectivity Pcmax values across all overlapping transmissions;
b) MGP is an RRC configured fraction of the minimum dual connectivity Pcmax values across all overlapping transmissions;
c) MGP is an RRC configured fraction of the dual connectivity Pcmax value across all overlapping transmissions;
d) MGP is an RRC configured fraction of the dual connectivity Pcmax value for the transmission with the highest L1 priority level across all overlapping transmissions.
We believe that Option (d) is the best option since it decreases UE complexity and also guarantees that at least the most important transmission will be successfully communicated. Note that, dual connectivity Pcmax can be only computed for those overlapping transmissions whose details are known to the UE early enough, i.e., before the cut-off time, e.g., Category 0 and Category 1 transmissions as defined above.
Proposal 5: In NN-DC, in the case of multiple transmissions overlapping with a given uplink transmission, MGP is defined as an RRC configured fraction of the dual connectivity Pcmax for the transmission with the highest L1 priority level among all overlapping transmissions whose transmission details are known to the UE early enough. 
Conclusion
In summary, we propose the followings for NN-DC power control:
Observation 1: A dynamic NN-DC power sharing design based on the following design principles can outperform semi-static NN-DC power sharing:
· To boost the UL performance, no configured maximum power limits for the two CGs;
· To ensure fairness, minimum guaranteed powers (MGPs) are configured for the two CGs;
· To avoid phase discontinuity issues, transmit power for an UL transmission is not re-calculated/re-adjusted after it is determined – regardless of priority levels;
· [bookmark: _GoBack]To simplify implementation and align with NR-CA prioritization, priority rules are applied across the two CGs for overlapping transmissions whose power is concurrently determined, so that an UL channel/signal with lower priority is power scaled/dropped even if located on MCG. For two UL channels/signals with the same priority level, MCG>SCG. 
· To respect priority levels of upcoming transmission, look-ahead (with aggressive cut-off time) is needed.
Proposal 1: For NN-DC power control, a combination of LTE-DC PCM1 and PCM-2 can be used. 
Proposal 2: For power determination of any given UL transmission on a CG in NN-DC, the UE does not adjust power to “past” UL transmission, and allocates remaining power for the higher-priority “concurrent” UL transmissions, while respecting the minimum guaranteed power (MGP) limits. Once the transmit power for a transmission is decided, the UE will not re-calculate/re-adjust the transmit power based on upcoming transmission (regardless of priority levels). 
Proposal 3: In NN-DC, power determination of any given UL transmission on a CG can be based on dynamic “look-ahead”, so that UE can take into account other UL transmissions before a certain “cut-off” time. 
Proposal 4: The cut-off time for power determination in NN-DC and the degree of aggressiveness of the cut-off time relative to the uplink transmission time needs to be further studied. 
Proposal 5: In NN-DC, in the case of multiple transmissions overlapping with a given uplink transmission, MGP is defined as an RRC configured fraction of the dual connectivity Pcmax for the transmission with the highest L1 priority level among all overlapping transmissions whose transmission details are known to the UE early enough. 
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