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Introduction
During the first phase of the email discussion [96-NR-13], companies shared their views on the need for enabling the semi-static and dynamic power control schemes and their benefits and drawbacks.  
The objective of the second phase of the email discussion was to collect and summarize the details of the NR-NR DC power control schemes. 
The proposed solutions are summarized in Section 4 of this document. 

Semi-Static Power Control Schemes  
Please provide the details of your proposed semi-static power control schemes below. Please further explain whether the proposed schemes are applicable to synchronous deployments, asynchronous deployments or both.  
	Company
	Proposal

	NTT DOCOMO
	The key point of semi-static power-control (more accurate terminology should be semi-static power-split or semi-static power-sharing) is that the dynamic power-control in one CG does not affect on the dynamic power-control in another CG.

The simple solution is to configure an RRC parameter for each CG such that the dynamic power-control of the CG is up to the certain value based on the configuration. Equivalently this provides a UE of maximum transmission power of each CG. However, even when the UE knows there will never be uplink transmission in the othe CG due to, e.g., UL-DL configuration, TAT expiration, S-RLF, etc, the transmission power of the CG cannot beyond the configured value. This degrades the coverage.

Therefore, the RRC parameter for a CG should not be the strict maximum transmission power for the CG. The RRC parameter for a CG should be able to guarantee the dynamic power-control of the CG for up to the certain value based on the configuration. The UE shall be able to allocate transmission power more than the configured value (but no more than PCMAX,c), if/when the UE knows the power allocation more than the configured value does not impact on the other CG. The exact condition of how/when the UE knows it can be further discussed; the starting point could be RRC/MAC level knowledge. We consider that this solution can be specified as a common solution for sync/async deployments. 

	Nokia
	We do not prefer to categorize power sharing schemes by dynamic power sharing and semi-static power sharing, unless there is a clear necessity. In our perspective, semi-static power sharing means the UL transmission power in one CG is not impacted by the transmission power in another CG, and such operation can be support with/without specific values on RRC parameters, depends on how to design the details of power sharing. 

	ZTE
	As discussed in last two meetings, the dynamic power sharing can be also operated to cover semi-static power sharing. It’s up to the network’s decision whether to configure dynamic power sharing or semi-static power sharing. In our view, all UEs supporting NR DC can support dynamic power sharing in Rel-16. This simplifies network implementation and specification effort.  If a UE supports dynamic power scaling among different channels in CA cases, the extra complexity to support dynamic power sharing in NR DC should be sufficiently small. 
In our solution as presented in section 3.1, by only configuring one set of power ratios e.g.  L_CG1   L_CG2  network can configure UE to operate with semi-static power sharing.  This is applicable to both synchronous deployments and asynchronous deployments.

	Qualcomm
	Semi-static power sharing refers to a class of schemes where the power control decisions of one cell group is not impacted by the dynamic grants scheduling concurrent transmissions in the other cell group. This leads to a predictable network behavior, does not impact the link adaptation, and avoids introducing phase discontinuity.

In general, a semi-static power control can be devised by setting the maximum power per cell group semi-statically such that P_MCG + P_SCG <= P_tot. As an additional option, and to better utilize the remaining power, when the UE is certain that there will not be any UL transmissions on the other cell group by relying on the semi-statically chosen symbol directions, the maximum power of the cell group can be increased. 

Regarding the use case of the proposed schemes, we should highlight that the additional option can be used in synchronous deployments, while it need not be supported in asynchronous deployments. The reason is that in asynchronous deployments, the slot boundaries drifts randomly; hence, it is channlenging to track the symbol drifts for deciding the maximum allowed power per cell group. 

	Samsung
	Semi-static sharing of UE transmission power between the MCG and the SCG is such that the total never exceeds PCMAX so that power scaling may only apply for intra-CG transmissions as in Rel-15 CA. This is a highly suboptimal operation that leads to coverage and spectral efficiency loss for no apparent justification. A typical use case of NR-DC is a MCG being a macrocell used for mobility support and the SCG is a small cell used for data offloading. Limiting the maximum power on the MCG clearly results to coverage loss and limiting the maximum power on the SCG clearly results to spectral efficiency loss. With dynamic power sharing, in the unlikely event that the UE is scheduled on both the MCG and the SCG and is power limited for the transmission, there is no meaningful impact on the SCG spectral efficiency if the MCG is prioritized and there is never a loss in coverage.

	CATT
	Semi-static power sharing has the drawback of reducing the maximum power allocated for each CG to avoid power scaling when the total power exceeds the maximum configured power for NR-DC.  This will result in the lose of UL coverage and peak data rate.  This will be the least option in the NR-DC solution.  

	Motorola Mobility / Lenovo
	Our preference is to only specify NR-DC dynamic power sharing.
· If semi-static power sharing gets suppprted, the UE is configured with max power limits for the two CGs, e.g., P_{MCG, max} and P_{SCG, max}, such that P_{MCG, max} + P_{SCG, max} <= P_{NR-DC, Total}. This can be applied to both synchronous and asynchronous scenarios. 

	Panasonic
	Following points are comment among semi-static/dynamic without look-ahead/dynamic with look-ahead.
There is no difference between synchronous and asynchronous DC.
Both configuration of both the minimum reserved power and the maximum transmit power per cell group are used.
The transmission power of a channel/signal does not change in the middle of the transmission except the other CG is URLLC or random access procedure, where current CG transmission could be discarded.
In semi-Static Power Control Scheme, only semi-static information is exchanged between PCG and SCG. When my CG knows the other CG does not transmit anything via semi-static configuration information like "downlink symbol", my CG utilizes the power of the other channel's reserved power. If not, my CG does not utilize the other CG's reserved power.
This option is allowed in the specification but not so recommended.

	Intel 
	Focusing on the question itself. We think the definition that was already introduced and defined for legacy dual connectivity scenarios such as LTE-DC and EN-DC, can be reused. For example, the maximum transmission power is semi-statically split across two CGs with fulfilling the following condition: . UE determines the transmission power independently per CG by reusing the Rel-15 CA rule without the need of dynamically checking the potential overlapped PUSCH scheduling on the other CG. 
Regarding the use case, our understanding is that this can applied for both synchronous and asynchrounous case. 
We would like to keep semi-static power sharig on the table as one option to enable NR-NR DC feature, due to the uncertainty of compleixity associated with dynamic power sharing scheme. 

	vivo
	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. Similar to EN-DC power control, the power control parameters for dynamic power sharing also can be reused for semi-static power sharing, so that less specification work is needed. Semi-static power sharing may cause coverage loss for cell edge users, but it is beneficial to increase throughput for cell edge users. Therefore, semi-static power sharing also can be applied to synchronous NR-NR DC case. If semi-static power sharing is supported for both cases, it can give gNB more flexibility to configure either semi-static power sharing or dynamic power sharing by implementation.

	InterDigital
	Agree with Nokia, ZTE, Samsung and others that solution should not be restricted to semi-static power sharing.
Even when P_MCG + P_SCG <= P_tot, it is unclear to us that semi-static power sharing can always allow power control decisions of one cell group to not be impacted by the dynamic grants scheduling in the other cell group, when considering maximum power reduction that may need to be applied to Pcmax (due to e.g. P-MPR or, for certain band combinations, intermods).

	OPPO
	Both Semi-static power sharing and dynamic power sharing should be supported for NR-NR DC. 
Moreover, semi-static power sharing and dynamic power sharing can be achieved by a common design. Which type of power sharing to be used depends on the specific configurations, which is up to gNB. For example:
1. P_max_MCG + P_max_SGC <= P_max_total:  semi-static power sharing
2. P_max_MCG + P_max_SGC > P_max_total:  dynmaic power sharing


	Huawei, HiSilicon
	Firstly, a unified framework of power control should be designed for both synchronous and asynchronous NR-DC, similar to what has already been done for both sync and async EN-DC in Rel-15. From system-need perspective, including RAT migration perspective, one separate power control operation dedicated for sync NR-NR DC only but not feasible for async NR-NR DC should be avoided.
Secondly, the simplest semi-static power splitting, i.e. configured with P_MCG + P_SCG <= P_tot, can support async NR-NR DC, but at serious cost of uplink coverage which really limits the deployment of async NR-NR DC. The other semi-static power splitting proposed last two meetings have not demonstrated its supports of async NR-NR DC without any help of dynamic scheduling information exchanges yet.
In summary, no semi-static power splitting scheme has been proposed last two meetings to fulfill good uplink coverage for async NR-NR DC. A unified framework of power control for both synchronous and asynchronous NR-NR DC is needed. Thus, need of dynamic power sharing seems inevitable anyway.

	Ericsson
	Using per CG max power limits like in Rel15, P_MCG + P_SCG can be less than, equal to or greater than P_total. Among these, from NW perspective, ‘semi-static power sharing’ is implicitly covered by P_MCG + P_SCG <= P_total. From UE side however, all NR-DC capable UEs should also be capable to handle P_MCG + P_SCG > P_total and dynamic power sharing.

	AT&T
	As discussed in the last meeting, and the first part of the email discussion, categorization of power control schemes into semi-static and dynamic power sharing schemes resulting in different UE capabilities is not desirable.
Operation in semi-static control scheme can share the same RRC signaling as that of dynamic power control scheme. 
The UE behavior in semi-static power control operation is, however, different since the UE does not need to jointly handle the power between the two CGs. The powers can be independent given that they satisfy the Pcmax constraint. 
One possible semi-static power control scheme solution is a TDM pattern configuration where three types of slots can be defined and TDMed semi-statically, depending on the maximum transmission power per CG. For example, a type 1 slot can be such that PSCG+ PMCG <= PCMax, a type 2 slot where PMCG = PCMax, and type 3 slot where PSCG = PCMax. The reason for these three types of slot is for handling coverage limitation with semi-static power control. Since the max power in the MCG is less than PCMax we see a loss in coverage when the UE is configured for DC, relative to the non DC case. In order to handle the coverage case we propose to have special slots where the SCG is not scheduled thereby allowing MCG to use all the power for the coverage limited UEs. 
In all cases, the solution should be applicable to both asynchronous and synchronous deployments.




Dynamic Power Control Schemes
Dynamic Power Control Schemes without the Look-Ahead Operation
Based on the synchronous submitted to RAN1 #96, the proposed dynamic power control schemes w.o. the look-ahead operation can be categorized as follows:
1. The schemes that rely on the configuration of the minimum reserved power per cell group.
2. The schemes that rely on the configuration of the maximum transmit power per cell group.
3. The schemes that rely on the configuration of both the minimum reserved power and the maximum transmit power per cell group.
4. Any other solution.
Below please clearly mention which of the above four groups your proposed solution belongs to. Then, please provide a detailed description of your proposed scheme including how the priority rules should be defined. Further, please explain whether the proposed scheme is applicable to synchronous deployments, asynchronous deployments or both.    

	Company
	Proposal

	NTT DOCOMO
	Our preferred solution belongs to the group 4.
Our proposal in Section 2 for semi-static power sharing is, strictly speaking, already a kind of dynamic power sharing (without tight coordination of power-control b/w CGs) and belongs to the group 4. The question is, what is necessary more than our proposal in Section 2, when look-ahead is not available.
In our proposal in Section 2, dynamic power-allocation of a CG shall not be affected by dynamic power-allocation of another CG, which applies to any of the transmissions, no matter how much the transmission is important. This procedure can be optimized such that dynamic power-allocation of first CG could be affected by dynamic power-allocation of second CG, if a transmission in the second CG is more important than a transmission in the first CG. Such priority rule among transmissions has been specified for NR-CA case; PRACH > HARQ-ACK/SR > CSI > UL-SCH > SRS. It is natural consideration to reuse the priority rule for NR-DC. Without look-ahead, this priorty rule works only if look-ahead is not required; otherwise, earlier power-allocation decision is prioritized over later power-allocation decision. As a consequence, the priority for dynamic power-control without look-ahead operation should be (1) earlier decision is prioritized than later decision and (2) for a given decision timing, priority order is PRACH > HARQ-ACK/SR > CSI > UL-SCH > SRS. This works for both sync/async deployments.

The question of the above optimization is that the priority rule is quite opportunistic and hence may not be much useful; e.g., for SRS in one CG and HARQ-ACK in another CG, if early decision is SRS power in one CG and later decision is HARQ-ACK power in another CG, SRS power is determined first and prioritized over HARQ-ACK power.

As explained above, without look-ahead operation, dynamic power sharing more than what we propose in Section 2 seems not much useful. 

	Nokia
	Option 4. We are O.K. with either minimum reserved power or maximum transmission power, if full power utilization can be supported at each CG. In our view, even without look-ahead, in a certain situation, i.e., for high priority transmission, etc, full power transmission should be allowed and it may need to turn off or disable configured minimum reseved power or maximum transmission power. We welcome further discussion on the details.

	ZTE
	Power control scheme:
Category 3, i.e., both the minimum reserved power (L) and the maximum transmit power (H) per cell group are configured.
The low power ratio L is used as guaranteed power portion similar to PCM2 in LTE.  The high power ratio H is used to determine the maximum power portion when the sum of the required power for both CGs is larger than Pcmax.  To make use of these ratios, the following cases can be considered:
If it can be certain that there is no transmission in the second CG during the transmission period of the first CG, 
· the first CG can occupy the power as much as Pcmax. 
If it cannot be certain whether there is transmission in the second CG during the transmission period of the first CG, 
· the γL_CG2 portion of power should be guaranteed for the potential transmission of the second CG. i.e. the maximum power ratio for the transmission in the first CG is 1-γL_CG2.
If the CGs have overlapping transmission and both require more than its H , 
· power is allocated to each CG according to H
If the CGs have overlapping transmission and only the first CG require more than its H , 
· the first CG can occupy more power as long as the sum of the power of this CG and required power of the second CG <=Pcmax.
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Priority rule:
Regarding the channel/signal prioritization, the current Rel-15 CA prioritization rule can be the starting point. Further consideration is needed to prioritize URLLC traffic.
Regarding the CG prioritization, it’s not reasonable to always prioritize MCG over SCG since the URLLC traffic may be transmitted in an arbitrary CG. In our proposal, the maximum transmit power (H) can be semi-statically configured to adjust the prioritization of MCG and SCG. 

Synchronous and asynchronous deployment:
By configuring the minimum guaranteed power (γL), our proposal is applicable to both synchronous and asynchronous deployments. 
According to 38.133, the maximum receive timing difference requirement for asynchronous EN-DC is 0.5ms. Let’s assume that this value can be used in the NR-DC case. 
In this case, if UE is aware of the timing difference between MCG and SCG, even in asynchronous deployment, UE supporting dynamic power sharing and look-ahead operation can still see some later arrived UL grants in other CG within a certain period. Even timing difference is not taken into account, dynamic power sharing would work fine as long as there are minimum guaranteed power.  This is beneficial to both synchronous  and synchronous deployments especially for the cases with low traffic load.

	Qualcomm
	As discussed during the past two meetings and also during the first phase of the email discussion, the benefits of enabling dynamic power control is unknown, it leads to unpredictable network operation, impacts the link adaptation and introduces phase discontinuity. Without illustrating any tangible performance benefit, there is no reason to support dynamic power control for NN-DC. 

	Samsung
	Dynamic sharing of UE transmission power between the MCG and the SCG without look ahead is primarily beneficial only in LTE-like operating scenarios with ‘synchronous’ operation. As NR operation is much more flexible than LTE and, unlike LTE, allows a UE transmission to start at practically any symbol of a slot and also allows UL cells to have different SCS, the notion of ‘synchronous’ operation for the purposes of UL power control is largely diminished/inapplicable.

	CATT
	Dynamic power sharing with guarantee power of some cell groups would only complicate the NR-DC operation without minimal benefit.   In particular, the consideration of the guarantee power would only happen in the UE power limited case, which has small percentage in occurance during the NR-DC operation.   In particular, NR supports different numerologies among CG and different slot format for UL.  The number of symbols overlapped and reaching the power limit varies.  The guarantee power for given CG would have results in degradation in NR-DC performance.   The proposed scheme is to re-use the dynamic power sharing of NR-CA, which the power scaling is by UE implementation with priority rule when UE power limited happens.

	Motorola Mobility / Lenovo
	Option-1
Our preference is to only specify NR-DC dynamic power sharing, where minimum guaranteed power 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}.

Dynamic power sharing without look-ahead mechanism:
· 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. The total power on a CG can never exceed P_{NR-DC, Total} – P{other CG, min}. The MGPs are configured such that highest priority transmissions are protected;
· To avoid phase discontinuity issues, transmit power for an UL transmission is not re-calculated/re-adjusted after it is determined;
· 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};
· 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. We believe this is in line with current Rel-15 specifications (e.g., more in line than setting MCG>SCG regardless of UL channel/signal priority level). Lower priority UL channels/signals whose power are already determined are not power scaled/dropped.
In view of the flexible numerology and transmission timing/length in NR, we believe the above proposal works for both synchronous and asynchronous NR-DC scenarios. 

	Panasonic 
	Following points are comment among semi-static/dynamic without look-ahead/dynamic with look-ahead.
There is no difference between synchronous and asynchronous DC.
Both configuration of both the minimum reserved power and the maximum transmit power per cell group are used. Therefore, it is option 4.
The transmission power of a channel/signal does not change in the middle of the transmission except the other CG is URLLC or random access procedure, where current CG transmission could be discarded.
In dynamic power control schemes without the look-ahead operation, the other CG's power allocation information is exchanged between PCG and SCG but what channel is transmitted is not exchanged. In addition, the allocation of the power beyond the minimum reserved power is based on "early indicated CGs has the priority than late indicated CG". Therefore, the power availability is best effort on this beyond the minimum reserved power. As radio link and minimum function like RRC message is guaranteed by the minimum reserved power, the power more than the minimm reserved power can be sufficient as the best effort to supprot eMBB like service.
We suggest this option as the primary optoin to be taken.


	Intel
	Option 1: 
Our preference is to start from LTE Mode-2 power control to support dynamic power sharing i.e. to configure a minimum guaranteed power allocation for the two CGs or equivalently to define maximum transmission power for MCG and SCG to maintain the dual connections with MgNB and SgNB as the high priority PUSCH (e.g., for small SRB messages) and PUCCH (at least for small UCI payloads) can be guaranteed to the MgNB and SgNB.    
Then, to dynamically sharing the remaining power by reusing the Case 2 NR-CA power control rule. 

	vivo
	Dynamic power sharing without power look-ahead is beneficial to guarantee the communication reliability for at least one CG, especially in the case of synchronous NR-NR DC. It is easier to implement from the perspective of UE. As a result, UL coverage and throughput can be improved. Similar to EN-DC and NE-DC power control mechanism, for the sake of dynamic power sharing in NR-NR DC case, maximum transmission power for each CG and maximum total transmission power can be predefined. When the actual transmission power of all CGs exceeds the maximum allowed total transmission power, the UE can drop or scale down the power for one of the CGs based on some priority rules.

	InterDigital
	The power sharing should aim to maximize the use of the total UE available power for FR1, to avoid power starvation for any CG and to prioritize allocation of power to more important transmissions such that URLLC QoS requirements may be supported.
Prioritization should be based on transmission channel (e.g. PRACH>PUCCH>PUSCH>SRS), transmission type (e.g., UCI > !UCI) and related data QoS requirements (e.g., URLLC > eMBB). Similar to LTE DC, tie breaking rule could favor a specific group of transmissions (MCG in LTE).
For asynchronous deployments and/or for UE’s being scheduled using different TTI durations, power sharing using LTE PCM2 as a baseline should be supported with the addition of a more flexible grouping mechanism. The network should have means to configure the grouping of transmissions by channel, type and/or related data QoS requirements (e.g., corresponding to URLLC, eMBB). For example, the network could configure the UE to reserve a portion of the total UE available power for transmissions that would carry URLLC traffic, such that a URLLC transmission would never be dropped because of scheduling of other, lower priority, traffic.
The network should thus configure at least the grouping and the guaranteed power levels for each group. The network should have means to dynamically adapt the guaranteed power levels for each group e.g., as a function of the traffic mix and of the observed BLER

	OPPO
	Category 2
Rel-16 supports the following power control framework for NR-NR DC  
1. gNB configures the maximum available power for each cell group, e.g., P_max_MCG, P_max_SCG
2. The sum of the maximum available powers may exceed the maximum power supported by UE
a) Semi-static power control: P_max_MCG + P_max_SCG <= P_taltal_max
b) Dynamic power control: P_max_MCG + P_max_SCG > P_taltal_max
3. When determining a total transmit power in a symbol of transmission occasion i, the UE does not include power for transmissions starting after the symbol of transmission occasion i. It mean no look-ahead operation is required
4. For the dynamic power sharing for NR-NR DC, the similar priorities rules defined for NR CA can be reused by prioritizing MCG over SCG(s) in case of the same priority.

Configuration of minimum reserved power per cell group is only useful in very limited case, i.e., synchronous NR-NR DC with the same numerologies and the same PUSCH durations for each transmission occasion. Thus reserving a minimum power is not very useful for NR-NR DC.

	Huawei, HiSilicon
	Firstly, one of key benefits of dynamic power sharing (DPS) over semi-static power splitting (SPS) is support of non-colocated async NR-NR DC. With proper tools of network configurations and priority rules of power allocation, e.g. minimum guaranteed power per CG and maximum Tx power per CG, PUCCH carrying HARQ N/ACK with higher priority over other physical channels, UE Tx power is predicable within reasonable tolerance for network.
Secondly, a clear definition of look-ahead should be reached first. We suggest to define a look-ahead timing similar to PHR timing in Rel-15, which with a criterion can be used to clearly differentiate DSP with look-ahead from without look-ahead. Also consensus can be made on whether constant Tx power for whole life-time of a transmission occasion should be maintained or not, assuming async NR-NR DC with probably different numerologies and probably different scheduled transmission durations across CGs.
Thirdly, as commented above, both sync and async NR-NR DC should be supported by one unified power control scheme. We don’t see a need to categorize DPS schemes into three classes based on whether it supports async NR-NR DC or not.
Fourthly, For DPS of NR-DC, UE Tx power calculation of each CG takes into account the scheduling information of the other CG for the UE. Configurations with both minimum guaranteed power and maximum Tx power seems needed for DPS, which provides tools to fallback into semi-static power splitting.


	AT&T
	One possible dynamic power control scheme can be based on maximum transmit power per cell group (Alt. 2). 
Defining a maximum transmit power per CG, that can be different from the PCmax, can guarantee a minimum reserved power on the other CG. This can make sure that the needed coverage is satisfied. For example in order to reserve some minimum power in MCG the PSCG is configured to be less than PCMax, which implies the remainder of the power is always available for MCG. Where minimum reserved power is needed for SCG is TBD. We therefore feel that implicitly the network can reserve power by following this strategy.
Such a power control scheme will be applicable to both synchronous and asynchronous deployments.
In terms of priority rules, following the NR-CA priority rules is a good starting point. However the priority rules for NR-NR DC need to be extended  across two different CGs. These priority rules also need to take into account different traffic types such as URLLC traffic. 
Following the NR-CA priority rules, priority can be given to connection establishment on the MCG (RACH), and the SCG (RACH), then URLLC grant-free traffic, if any, followed by HARQ-ACK and SR, CSI on MCG and SCG, and UL-SCH and SRS on MCG and SCG, respectively. These should be applicable with and without look-ahead.




Dynamic Power Control Schemes with the Look-Ahead Operation
Similarly, the dynamic power control schemes with the look-ahead operation can be devised based on one of the four set of assumptions mentioned in Section 3.1. 
Below please clearly mention which of the four abovementioned groups your proposed solution belongs to. Then, provide a description of your proposed scheme including the detailed description of how the look-ahead operation is enabled, how much look-ahead is needed, the UE behavior in case the presence of simultanoues overlapping channels is unknown when the uplink power is set, and how the priority rules should be defined. Further, please explain whether the proposed scheme is applicable to synchronous deployments, asynchronous deployments or both.   

	Company
	Proposal

	NTT DOCOMO
	Our preferred solution belongs to the group 4.
Our proposal in Section 2 for semi-static power sharing is, strictly speaking, already a kind of dynamic power sharing (without tight coordination of power-control b/w CGs) and belongs to the group 4. The question is, what is necessary more than our proposal in Section 2 when look-ahead is available.
The main framework of prioritization rule can be same as the case without look-ahead, i.e., PRACH > HARQ-ACK/SR > CSI > UL-SCH > SRS. With look-ahead, as long as look-ahead works (e.g., with sufficient time for computing transmission power), the above prioritization rule can work. As a consequence, the priority for dynamic power-control with look-ahead operation should be (1) PRACH > HARQ-ACK/SR > CSI > UL-SCH > SRS as long as processing time conditions can be satisfied and (2) only if processing time conditions cannot be satisfied, earlier power allocation decision is prioritized over later power allocation decision.
However, the above design requires careful and huge work to identify in which condition the look-ahead is available and how the power-allocation should be when the condition is satisfied and when the condition is not satisfied. In addition to sync/async conditions, unlike LTE, we need to take into account different SCSs, dynamic BWP switching, different UE processing capabilities, eMBB/URLLC multiplexing, etc., to design optimal power-control with look-ahead operations. Therefore, as for the initial release of NR-DC specifications, we consider simpler solution would be fine. If necessary, further power-control enhancements can be considered in later release.


	Nokia
	We support power sharing with look-ahead. We propose at least the scheduling info received at the same slot with different time offset should be considered for power sharing. And if we define a look-ahead window, a small period where look-ahead would be applied, the window should be defined as the time difference of scheduling info reception, not the difference of transmission time. 

	ZTE
	Power control scheme:
Please refer to the same scheme described in section 3.1. 

Look-ahead operation:
From our perspective, the definition of a look-ahead operation is that UE can determine the power based on the UL grant information that arrives later the current UL grant before a specific cut-off time. With look-ahead, the power of an earlier-arrived UL grant can be adjusted based on another later-arrived UL grant.
Regarding how much look-ahead is needed, we view that 0.5*Tproc,2 can be the starting point. Essentially, the Tproc,2 contains two parts of time duration. The first part of time duration is mainly for UL grant processing and the second part of time duration is mainly for UL data preparation. In this manner, 0.5*Tproc,2 can be applied as the starting point of cut-off time for look-ahead. In other words, UE shall determine and apply its power  0.5*Tproc,2 before the beginning of the corresponding uplink transmission.
In case the presence of simultanoues overlapping channels is unknown when the uplink power is set, the minimum guaranteed power can be configured to guarantee the transmission of prioritized channel/signal, e.g., PUCCH.  

In our view, look-ahead operation maximizes the gain from dynamic power sharing.  This reduces the probability that uplink transmission from another CG has come up after decision  of power sharing is made.  This is applicable to both synchronous and asynchronous deployment.  

	Qualcomm
	As mentioned in our response in Section 2,  the gains from enabling dynamic power control is unknown. This includes any dynamic power scheme with or without the look-ahead operation. 

	Samsung
	Dynamic sharing of UE transmission power between the MCG and the SCG with look ahead is the most useful operating mode because NR operation is fundamentally asynchronous. Look ahead is supported in Rel-15 for determining a PUSCH/PUCCH among overlapping PUSCH/PUCCHs for UCI multiplexing and it is actually a much simpler matter for the UE implementation to use the same timelines for determining a transmission power among overlapping UL transmissions in case of power limitation. 

	CATT
	The look-ahead option is not really useful and practical.   This will further complicate UE implementation.   In particular, the power limited scenario happens rarely.   

	Motorola Mobility / Lenovo
	Option-1
Our preference is to only specify NR-DC dynamic power sharing, where minimum guaranteed power 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}.
The dynamic power sharing scheme with look-ahead is the same as that without look-ahead (described above in Section 3.1), except for the power determination cut-off time. 
· The cut-off time is a last/latest symbol at which the transmit power for an UL transmission occasion is decided and cannot be re-adjusted after that. The cut-off time value can be defined in terms of a number of [X] symbols after receiving the scheduling information, or as a number of [Y] symbols before the start of the UL transmission, where [X] or [Y] can be specified or configured or reported as a UE capability. One possible value for [Y] is T_{proc,2} (as defiend in [TS 38.214]). 
In view of the flexible numerology and transmission timing/length in NR, we believe the above proposal works for both synchronous and asynchronous NR-DC scenarios.

	Panasonic
	Following points are comment among semi-static/dynamic without look-ahead/dynamic with look-ahead.
There is no difference between synchronous and asynchronous DC.
Both configuration of both the minimum reserved power and the maximum transmit power per cell group are used. Therefore, it is option 4.
The transmission power of a channel/signal does not change in the middle of the transmission except the other CG is URLLC or random access procedure, where current CG transmission could be discarded.

In Dynamic Power Control Schemes with the Look-Ahead Operation, the other CG's assignment information including which type of the channel to be sent. By checking which type of the channel to be sent, the priority like HARQ-ACK/SR > CSI > UL-SCH > SRS can be carried out. Therefore, even if the assignment is earlier than the CG, the assignemnt can be reverted based on the channel priority of the later assignment. This has the merit but it increase the UE implementation complexity as how/what is sent can not be determined until the latest/minimum assignment time.
We think this optoin is attractive but it is not essential as the complexity is very high.


	Intel 
	As mentioned in earlier section, even for CA case 2, asynchronous transmission already happens (eg. Due to type B PUSCH scheduling). This case has been taken into account when designing power control scheme for CA. Nothing is really changed for NR-DC compared to CA case regarding synchronous or asynchronous situation. 
Given  there is no look-ahead requirment for CA to support dynamic power sharing and same factors have to be taken into accout for NR-NR DC, it seem unrealistic to assume that UE processing capability is significantly advanced compared to NR CA which was just standardized several months ago. 

	vivo
	Dynamic power sharing with power look-ahead will increase the UE processing complexity, similar issue has been discussed in CA scenario. Even without the power-look ahead mechanism, the power allocation issue can still be solved or avoided by network implementation. Therefore, from the perspective of UE, power look-ahead is not required. In addition, as different numerologies, different transmission durations, or different timing offsets might exist in different CGs, partial overlapping case should be considered, too. This makes power look-ahead mechanism more complexity. 

	OPPO
	For the perspective of UE implementation, the look-ahead operations will become too complicated as different numerologies and different PUSCH durations may be used in SCG and MCG.
Moreover, the look-ahead operations are only useful in very limited cases.
Thus we suggest that only the power control scheme without look-ahead operations is supported in Rel-16 NR-NR DC

	Huawei, HiSilicon
	Look-ahead for power control with proper design is expected to be beneficial for async NR-NR DC, for example, keeping the same Tx amplitude of PUSCH symbols as its DMRS symbol.
As commented above, suggest to reach consensus first on a clear definition of look-ahead timing, similar to PHR timing in Rel-15, and consensus can be made on whether constant Tx power for whole life-time of a transmission occasion should be maintained or not, assuming async NR-NR DC with probably different numerologies and probably different scheduled transmission durations across CGs.
Given UE implementation timeline for power control, the look-ahead timing may not be the exact timing of received DCI/configuration information for the concerned transmission occasion for power allocation. 
Also worth mentioning that, in power control mode 2 of LTE-LTE DC, PRACH power of the second CG is taken into account the power allocation of transmission TTI of the first CG even if the start time of PRACH is later than the start time of the transmission TTI thereof. One of reasons is because the latency from PRACH Tx timing to received PDCCH order or the latency for TA adjustment is not less than n+6ms, which is larger than that of PUSCH/PUCCH. Therefore, the criterion to differentiate DPS with look-ahead from without look-ahead should not only based on whether the start time of transmission occasion of the second CG is later than that of the first CG.
Regarding priority rules, the rules defined in S7.5 of TS38.213 is a starting point.
As commented above, We don’t see a need to categorize DPS schemes into three classes based on whether it supports async NR-NR DC or not.

	Ericsson
	We prefer a dynamic power sharing approach where transmissions on a CG can go to full power if the UE determines that there is no overlapping UL transmissions scheduled on other CG. This the UE can do by examining grants/assignments of both CGs. A time offset before the UL transmission can be used to limit which grants/assignments are used (e.g. as in Rel15 UCI multiplexing)

	AT&T
	Same power control scheme can be used as section 3.1
The look ahead function allows the UE to predict when the instantaneous power on MCG and SCG exceeds PCMax, so that the UE does not need to reduce its Tx power in the middle of the slot. Changing the transmit power in the middle of the slot is detrimental to the gNB demodulation particularly if the transmit power is changed between DMRS and PUSCH/PUCCH. This is not an issue in QPSK, since QPSK demodulation requires only phase estimation, but any higher order modulation cannot be demodulated reliability if the power is changed between DMRS and PUSCH/PUCCH



Summary of the Proposals 
Based on the responses provided by the companies so far, the following solutions can be considered for uplink power control of Rel. 16 NR-NR DC:

Solution 1: The UE’s maximum allowed power P_tot is split semi-statically between the two cell groups such that P_max_MCG + P_max_SCG <= P_tot. 
· The maximum transmit power per group is restricted by the configured maximum power of the same group.
· The uplink power control is performed independently between the two cell groups.
· Within each cell group, the uplink power control is performed by following the uplink power control scheme of Rel. 15 NR CA.
· This scheme is applicable to both synchronous and asynchronous NR-NR DC.

Soltuion 2: The UE’s maximum allowed power P_tot is split semi-statically between the two cell groups such that P_max_MCG + P_max_SCG <= P_tot. 
· The maximum transmit power per group is restricted by the configured maximum power of the same group.
· The uplink power control is performed independently between the two cell groups.
· As an additional enhancement, in case the UE is certain that no uplink transmission is possible on the other cell group on the overlapping symbols by relying on the semi-static symbol directions, the maximum transmit power of a cell group can be increased.
· Within each cell group, the uplink power control is performed by following the uplink power control scheme of Rel. 15 NR CA.
· The baseline operation is applicable to both synchronous and asynchronous NR-NR DC, while the additional enhancement is applicable to only asynchronous NR-NR DC.

Solution 3: The UE’s maximum allowed power P_tot is split semi-statically between the two cell groups. 
· A UE is semi-statcically configured with a TDM pattern configuration providing three sets of slots:
· On the first set of slots, the maximum configured power for the MCG and SCG are given such that P_max_MCG + P_max_SCG <= Ptot.
· On the second set of slots, all available power is allocated to the MCG, i.e., P_max_MCG = P_tot.
· On the third set of slots, all available power is allocated to the SCG, i.e., P_max_SCG = P_tot.
· The uplink power control is performed independently between the two cell groups.

Based on the following comment, further discuss whether the uplink power control of Rel. 16 NR-NR DC can be performed similar to that designed for EN-DC:
“A typical use case of NR-DC is a MCG being a macrocell used for mobility support and the SCG is a small cell used for data offloading.”

Solution 4: Each cell group is configured with both the minimum reserved power (\lambda_L) and the maximum transmit power (\lambda_H)
· The low power ratio \lambda_L is used as guaranteed power portion similar to PCM2 in LTE.  The high power ratio \lambda_H is used to determine the maximum power portion when the sum of the required power for both CGs is larger than Ptot.  To make use of these ratios, the following cases can be considered:
· If the UE is certain that there is no transmission in the second CG during the transmission period of the first CG: 
· the first CG can occupy the power as much as Pcmax. 
· If the UE is not certain whether there is transmission in the second CG during the transmission period of the first CG: 
· the \lambda_L_CG2 portion of power should be guaranteed for the potential transmission of the second CG. i.e. the maximum power ratio for the transmission in the first CG is 1-\lambda_L_CG2
· If the CGs have overlapping transmission and both require more than its \lambda_H, 
· power is allocated to each CG according to \lambda_H
· If the CGs have overlapping transmission and only the first CG require more than its \lambda_H, 
· the first CG can occupy more power as long as the sum of the power of this CG and required power of the second CG <=Ptot.
· This scheme is applicable to both synchronous and asynchronous NR-NR DC.

Solution 5: Reuse the Rel. 15 NR CA uplink power control scheme.
Solution 6: Configure the minimum reserved power per cell group such that P_min_MCG + P_min_SCG <= Ptot.
· The minimum reserved power configured for one cell group cannot be recycled by the other group.
· The transmit power for an UL transmission is not re-calculated/re-adjusted after it is determined.
· In case a UE is power limited, i.e., P_MCG + P_SCG > Ptot, the UE allocates the uplink power for a transmission by accounting for the following aspects:
· allocated powers for overlapping transmissions whose power are already determined regardless of priority levels
· assigning power to higher priority, overlapping transmissions whose power is concurrently determined
· 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.

Solution 7: A UE is configured with both the minimum reserved and the maximum allowed power transmission per cell group.
· The power allocation information of the two CGs is exchanged between them without exchanging the type  of the channels. 
· In case the UE is power limited, the earlier indicated channel has a higher priority.
· The transmission power of a channel/signal does not change in the middle of the transmission except the other CG is URLLC or random access procedure


Solution 8: A UE is configured with the minimum reserved power per cell group. 
· When the UE is power limited, the power scaling is performed similar to Rel. 15 NR CA; however, the minimum reserved power per cell group should be accounted for.

Solution 9: A UE us configured with the maximum allowed power per cell group, P_max_MCG and P_max_SCG.
· If P_max_MCG + P_max_SCG <= Ptot, uplink power control is performed independently across the two cell groups.
· If _max_MCG + P_max_SCG > Ptot, the power control is performed occasion by occasion; for determining the total transmit power in a transmission occasion i, the UE does not include the power for transmissions starting after the occasion i.
· For the dynamic power sharing for NR-NR DC, the similar priorities rules defined for NR CA can be reused. Further, for channels of the same priority, MCG has a high priority than SCG.


Comments provided on how to enable the look-ahead operation:
· 0.5*Tproc,2 can be the starting point. Essentially, the Tproc,2 contains two parts of time duration. The first part of time duration is mainly for UL grant processing and the second part of time duration is mainly for UL data preparation. In this manner, 0.5*Tproc,2 can be applied as the starting point of cut-off time for look-ahead. In other words, UE shall determine and apply its power  0.5*Tproc,2 before the beginning of the corresponding uplink transmission.
· The look-ahead operation is performed similar to that designed for UCI multiplexing in Rel. 15 NR.
· A time offset before the UL transmission can be used to limit which grants/assignments are used.
· The dynamic power sharing scheme with look-ahead is the same as that without look-ahead except for the power determination cut-off time. 
· The cut-off time is a last/latest symbol at which the transmit power for an UL transmission occasion is decided and cannot be re-adjusted after that. The cut-off time value can be defined in terms of a number of [X] symbols after receiving the scheduling information, or as a number of [Y] symbols before the start of the UL transmission, where [X] or [Y] can be specified or configured or reported as a UE capability. One possible value for [Y] is T_{proc,2}.
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