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1 Introduction

During RAN1#89, it was agreed that “it is feasible to have power sharing mechanism for LTE-NR dual connectivity at least for <6GHz”; details of the power sharing mechanism were FFS [1]. R1-1711526 [2] discussed objectives of power sharing and applicable scenarios for LTE + NR Dual Connectivity (DC), NR Carrier Aggregation (CA) and NR DC.
During RAN1 Ad-Hoc#2, it was further agreed to support at least semi-static power sharing between LTE and NR [3]:

	Agreements:

· Regarding power sharing for LTE-NR dual connectivity, support at least semi-static power sharing between LTE and NR

· FFS details

· Discuss further whether or not to support dynamic power sharing between LTE and NR

· Discuss further impacts due to other factors, e.g., different TTI lengths, channel/service types, synchronous vs. asynchronous, different processing latency for LTE vs. NR, assumption regarding communication between NR vs. LTE at UE, specification impact to LTE (if any) and/or NR, etc. 


LS R1-1711999 [4] was then sent to RAN4 cc RAN2.

This contribution discusses some details of power sharing mechanisms for LTE + NR DC and for standalone NR,  including aspects of semi-static power sharing, dynamic sharing and impacts of timing and scheduling aspects.
2 Design Objectives Common to LTE+NR DC and Standalone NR
There is a possibility that the sum of the transmit power for uplink transmissions that overlaps in time at least partly would exceed the configured maximum total power (PCMAX) of the UE. This may happen both with CA or with DC.

More generally, with single carrier and with carrier aggregation, the UE may be required to scale the transmission power when the total amount of power exceeds a specific value to meet regulatory requirements. This may be caused due to a change in the values used for calculating the power required for each transmission (e.g. pathloss estimation, etc.) and/or due to PCMAX variations considering spectral emission requirements for the concerned frequency bands, SAR, etc. With multiple simultaneous transmissions, the UE applies scaling by enforcing priorities based on the type of physical channels associated to each transmission. The UE may still use up to 100% of the total UE available power.
With dual connectivity, there is a separate MAC instance for each cell group (CG). Scheduling and power control is thus performed independently for each CG. Loosely coordinated or uncoordinated scheduling may then lead to situations where the sum of the power for all transmissions may exceed regulatory requirements. In such case, the UE must also scale the transmit power accordingly. Noted that regulatory requirements above 6GHz are yet to be defined.
For LTE + NR DC and for standalone NR including CA and DC, the same issues as addressed in LTE R12 DC exist i.e. multiple transmissions are competing for the same resource (power) which is itself limited to a configured maximum total power across all transmissions (at least within a frequency range). 
Similar as for LTE DC, power control for NR should maximize the use of the total UE available power and distribute power across transmissions adequately. Power sharing for LTE + NR and NR CA/DC should support the following:

· Avoid power starvation for a group of transmissions when the UE is power-limited;

In LTE DC, this is achieved by power reservation based on the minimum guaranteed power per CGs.

· Maximize allocation and sharing of available power e.g. by assignment of any unused/remaining power;

· Prioritize more important transmissions e.g. based on channel type, UCI type and QoS properties;

· Network control with predictable UE behavior by specification of configurable Power Control Modes.
Observation 1:
RAN1 has agreed to support at least semi-static power sharing between LTE and NR, details FFS. 
It is further proposed that power sharing be also supported for other applicable cases for standalone NR:
Proposal 1:
Specify a power sharing mechanism for standalone NR i.e. for NR CA and NR DC.
Finally, power allocation should be efficient independently of the scenario where overlapping transmissions may occur:
Proposal 2:
All power sharing mechanism supports efficient sharing of up to the total UE transmission power.
3 Mechanisms for Power Sharing for LTE + NR DC

3.1 Semi-Static Power Sharing for LTE + NR DC
RAN1 has already agreed to support at least semi-static power sharing between LTE and NR.

This section discusses details and impacts to the LTE specifications of the semi-static power sharing. Power sharing between LTE and NR implies that a fraction of PCMAX is distributed to transmissions of LTE (e.g. MCG) and another fraction to transmissions of NR (e.g. SCG).

Observation 2:
LTE specifications will support PCMAX calculation taking into account the portion allocated to NR. 
Support for a semi-static method implies that the fraction assigned to each CG is configurable by RRC, similar to the guaranteed power of LTE DC for PCM2. Each group of transmissions gets exactly that fraction of total UE available power available at any time. This implies some coordination between LTE and NR to determine the applicable PCMAX.

Assuming that semi-static power sharing implies that the UE does not allocate any portion of PCMAX between CGs based on received scheduling information, it remains FFS how to handle the remaining power, if any.

Different approaches are then possible for defining the power allocation for LTE+NR in the LTE specifications:

· Dual Connectivity model - LTE RRC treats LTE+NR as a special case of LTE DC

In this case, LTE is considered as the MCG and NR as the SCG. For power control , two options are possible:

· Reuse LTE DC PCM2;
In this case, LTE does not allocate any power to the SCG. To handle remaining power, LTE RRC may specify that “In this release of the specification, the network configures the UE such that the sum of the guaranteed power for each CGs (e.g. PXeNB) equal 100% of PCMAX when the UE is configured for LTE+NR DC” for PCM2 with the SCG being associated to the NR configuration.

· Specify a new LTE DC PCM for LTE+NR;
In this case, the LTE PCM is only concerned with the fraction of PCMAX that it is allocated by RRC configuration. Any remaining power always remains unallocated, independently of the configuration of the respective guaranteed powers for LTE and NR e.g. even if PMeNB + PSeNB < PCMAX.

· Based on a new PCMAX calculation: 

In this case, LTE specifies a new calculation for the determination of PCMAX that uses the RRC configuration for power sharing which is unrelated to dual connectivity. Existing LTE power control and PCMs remain unaffected.

3.2 Dynamic Power Sharing for LTE+NR DC
RAN1 should discuss further whether or not to support dynamic power sharing between LTE and NR. Concerns expressed were mainly related to the possible impact to LTE specifications and to existing implementations.

As explained above, coordination between the LTE and the NR implementation is necessary to configure and compute the fraction (e.g. PMeNB, PSgNB) of PCMAX available to each group in support semi-static power sharing. Furthermore, the value of PCMAX may vary dynamically from one transmission to another. Given this, one way to ensure that up to 100% of the UE total available power may be used whenever possible would be to introduce means for the network scheduler to dynamically control the fraction PMeNB, PSgNB using L1 or L2 scheduling. In such case, during a period of low activity for one of LTE or NR, power unused by one scheduler may be released to become available to the other scheduler.

Proposal 3:
LTE+NR supports dynamic control of the fraction of the total UE available power PCMAX assigned to NR.  

The details e.g. whether L1/DCI or L2/MAC CE is used, and e.g. whether the MeNB or the SgNB has control is FFS. The foreseen impact to the specification, especially in case signaling is introduced for NR/SgNB is support of releasing some or all of the NR-assigned portion of PCMAX for a certain period is expected to be small.
4 Power Sharing for Standalone NR

4.1 Design Considerations for Power Sharing for Standalone NR

4.1.1 Support for Timing-related Aspects

One challenge for power sharing involving NR is related to the timing aspects of possibly overlapping transmissions.
Uplink power control for LTE was designed for a single, fixed 1ms TTI duration with a single, fixed, UE/eNB processing time of 3ms. Timing issues were mainly related to the grant to transmission processing delay in asynchronous deployments. PCM2 was defined to support deployments where the start of two transmissions of different CGs was offset by more than 33µs, otherwise PCM1 can be used.
For NR, the following is currently supported:

· Different TTI durations: based on the agreed UL-related DCI contents, the DCI supports scheduling using transmission durations that may range from 1 symbol to 14 symbols, and up to multiple slots with slot aggregation;
· Variable offset between the start of overlapping transmissions: support for different TTI durations implies that the offset between the start of two overlapping transmissions may not be related to deployment synchronization.
· Variable processing latency: the processing latency may differ for transmissions with different HARQ timelines.
The above three aspects are applicable to both LTE + NR DC as well as standalone NR (CA and DC). However, it is observed that the above timing aspects a dependent of the UEs configuration and always known by the scheduler.
Observation 3:
Dynamically varying timing aspects are based on RRC configuration and controlled by the scheduler. 

Observation 4:
Dynamically varying timing aspects are known to the scheduler at all times.

Given the above, the following is proposed:

Proposal 4:
Power allocation supports a flexible grouping of transmissions based on timing-related aspects.

Proposal 5:
Transmission grouping may be based on the TTI duration, the maximum offset between the start of respective transmissions and/or the processing latency. Details FFS.
For example, transmissions of the same MAC instance and associated to a specific range of TTI durations, to a specific HARQ timeline or to a specific transmission profile (as proposed in [5] and currently discussed in RAN2 for LCH selection in LCP and/or power boosting) could be part of the same transmission group. Each group could then be configured with a minimum guaranteed fraction of PCMAX.
4.1.2 Support for Scheduling-related Aspects

RAN2 is discussing multiplexing of data in a transport block in LCP as a function of one or more characteristics of the transmission including TTI duration, numerology or even possibly using a generalization based on a configured mapping e.g. transmission profiles [5].

Power allocation should then be designed such that prioritization applied in MAC is coherent with prioritization applied at the physical layer for power allocation when a UE is active with multiple services concurrently e.g. with eMBB and URLLC services. One possibility could be to associate a priority for power sharing to a logical channel. However, cross-layer interactions between power allocation and MAC functions such as LCP should be avoided if possible.
It may be desirable to support an explicit indication in the DCI scheduling a transmission that indicates the “profile” of the transmission, for prioritization at different layers i.e. for power allocation and data multiplexing in the TB by LCP. 

Proposal 6:
Prioritization supports QoS scheduling differentiation. Details FFS e.g. by grouping, transmission type.  

4.1.3 RF Exposure Safety Regulations

For the NSA scenario with LTE and NR both operating below 6GHz (or 10GHz) the exposure safety limit SAR for multiple simultaneous transmissionson different frequencies can be written as a normalized inequality in terms of SAR as follows:

10GHz
              ∑ ( SAR,i/SAR,l ) ≤  1
                     i=100KHz
Where SAR,i  represents the emission specific to a transmitter on a frequency i, and SAR,l  represents the SAR limit specified by regional administrations below 6GHz or 10Ghz.

In the NSA scenario with LTE operating below 6 GHz and NR operating above 24 GHz, the UE is subject to specific absorption rate (SAR) and maximum permissive exposure (MPE) limits Error! Reference source not found.. Such limits depend on the frequency range. When the UE transmits simultaneously over multiple frequency ranges, the requirement is met if the sum, over all frequency ranges, of SAR/MPE contributions normalized by the applicable limit for the frequency range, is less than 1.

       10GHz

   300GHz

∑ ( SAR,i/SAR,l ) +  ∑ ( S,j/S,l )  ≤  1
     i=100kHz
          j>10GHz
where SAR,i and S,i are the SAR and power density caused in frequency i and the power density at frequency j, respectively, and SAR,l and S,l are the corresponding regulatory limits.

To handle the above requirements, one generic approach can be to define a separate PCMAX per frequency band (PCMAX,b) corresponding to the applicable limit. For a set of frequency ranges subject to power sharing, the set of transmissions of power Pi,b must satisfy the following formula:
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where PCMAX,b would include SAR-related maximum power reduction over the bth frequency range. It should be noted that the sets of frequency ranges subject to power sharing is currently being discussed in RAN4. However, it is expected that NR and LTE should be subject to power sharing at least in case they are both operating below 6 GHz.

Power scaling, if required, can then be based on the same formulas as for LTE R12 DC except that power values are normalized by the applicable PCMAX.
4.2 Mechanisms for Power Sharing for Standalone NR

Firstly, as explained in Contribution R1-1711526 [2], NR should aim at reusing as much as possible of the LTE power control whenever applicable. Consequently:
Proposal 7:
NR supports PCM1 at least for NR-DC for synchronized deployments w/ UE-specific single TTI duration.
Proposal 8:
NR supports PCM2 for NR-DC for unsynchronized deployments w/ UE-specific single TTI duration.
4.2.1 Grouping of Transmissions for NR (TRGx)

In LTE R12 DC, the challenge for power sharing was related to the impact of schedulers working independently in the MeNB and the SeNB. Uplink transmissions were thus grouped based on the UE’s configuration of MCG and SCG.

For LTE+NR and for NR, it may be useful to define a more flexible grouping of transmissions than the CG-based grouping used for LTE DC when discussing additional challenges related to timing-related aspects (as described in section 4.1.1) and related to scheduling-related aspects (as described in section 4.1.2). Consequently:

Proposal 9:
When configured, power sharing assigns a fraction of the UE’s total available power (PCMAX) to a transmission group (TRGx). The number of supported TRGs is FFS.

For LTE, a TRG corresponds to the MCG or the SCG. Principles for grouping in different TRGs will be further discussed below. The number of TRGs can be FFS when power sharing is configured for LTE+NR and for NR.
4.2.2 Extensions to PCM2 for NR

As explained in R1-1711526 [2], existing power control modes PCM1 and PCM2 cannot address adequately all cases of overlapping transmissions for NR. More specifically, the following UE configuration would not be well handled:

· LTE + NR DC for a UE configured with multiple TTI durations, irrespective of deployment synchronization;

· NR DC for a UE configured with multiple TTI durations, irrespective of deployment synchronization;

· NR CA for a UE configured with multiple TTI durations.

Observation 5:
For NR, existing PCMs do not adequately address multiple TTI durations or QoS differentiation.

The remaining power is used to enable the sharing of a fraction of the UE’s total available power. The challenge with PCM1 and PCM2 is related to settting the proper level each group of transmissions and ensuring that the remaining power is allocated efficiently, and for PCM2 to leave as little unused power as possible when scaling per CG is applied.

Support for different TTI durations, different framing formats (mini-slots, slots and subframes) and different DCI-to-transmission timing makes it challenging in terms of UE processing time especially when look-ahead for the scheduling information of another group of transmission is necessary to determine the fraction of the UE’s total available power for a group of transmission. Additionally, varying TTI durations and HARQ timelines introduces variations in the amount of overlap between transmissions makes guarantees and/or priorities more difficult to apply when all scheduling information is required to perform power allocation with power sharing.
Power sharing for NR should then preferably be based on principles of PCM2 while not relying only on scheduling information, not relying on the “first transmission in time” principle and where dependencies between groups of transmissions is minimized (e.g. no look-ahead required) when allocating “shareable” power.

Proposal 10:
PCM2 is extended to support power sharing with multiple uplink carriers and multiple TTI durations.
Proposal 11:
PCM2 is extended to support multiple groups of transmissions.
One approach to allieviate the complexity due to the support of varying signal structures in NR would be to reuse the concept of guaranteed power levels per group of transmissions (hereafter PTRxProfile#) while improving the fairness and/or accuracty of the allocation of remaining power. This could be achieved by enabling dynamic variations to the guaranteed power levels per group (grouping FFS). The UE may then adjust the guaranteed power level PTRxProfile# such that those changes are controlled and known by the network according to the composition of the active traffic mix.

Observation 6:
Dynamic adaptation of guaranteed power levels can increase power sharing efficiency by tailoring the reservation of power based on the composition of the traffic mix.

Proposal 12:
PCM2 is extended to support dynamically adaptive guaranteed power levels per group of transmissions.
The adaptation of the guaranteed power levels and the grouping of transmissions should be under network control.
Proposal 13:
Dynamic adaptation of guaranteed power level for a group of transmissions is controlled by the network. FFS whether it is based on scheduling activity, explicit signalling (e.g DCI or MAC CE), or both.

4.2.3 Enabling Change of Allocated Power for Ongoing Transmissions

Further improvements to the efficiency of a power sharing mechanism for NR should be considered when transmissions of different TTI durations may overlap. One such improvement could be enabled if NR supports changing the power allocated to an ongoing transmission when the UE allocates power for a shorter (e.g a sTTI), overlapping transmission.

Figure 1 shows simultaneous uplink transmission with different transmission time intervals of TTI (e.g. a subframe) and sTTI (a few mini-slots). As illustrated in Figure 1, a UE could update the power settings for all simultaneous transmissions at the rate of the shorter transmission interval. Given support for a power sharing mechanism, the higher rate of arrival of TPC commands for the second channel may induce a shift of power from one channel to another. However, scaling of the power of the first channel that has the longer TTI in the middle of its transmission results in a change in the power of the embedded DMRS. A change of the DMRS power in the middle of an ongoing transmission may harm channel estimation accuracy and may lead to some performance degradation.

Therefore, as part of the power sharing mechanism, a fixed guaranteed power for the DMRS of each link should be considered, such that the power level of the DMRS is always preserved at least for the duration of the longer TTI. The power sharing procedure may then shift unused powers between the data channels without influencing DMRS power.
Proposal 14:
RAN1 considers support for guaranteed DMRS power for the power sharing mechanism.

For example, in a system with 2 simultaneous PUSCH transmissions, namely PUSCH_1 and PUSCH_2, with TPC commands TPC1 and TPC2, and at the corresponding transmission intervals of TTI1 and TTI2 where TTI2<TTI1, the UE would update the power settings with every decoding of the TPC2. As such, based on a power sharing mechanism, the power for each link may be initiated as:
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where Pc_max is the maximum configured UE power. For both PUSCH transmissions, the DMRS power are maintained at fixed levels, however with every update of TPC2, the condition[image: image3.wmf]max
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Figure 1: Simultaneous uplink transmission with different transmission time intervals
5 Conclusion
This contribution discusses power sharing for LTE + NR DC and NR DC. RAN1 should agree to the following:
Design Objectives Common to LTE + NR DC and Standalone NR:

Observation 1:
RAN1 has agreed to support at least semi-static power sharing between LTE and NR, details FFS. 
It is further proposed that power sharing be also supported for other applicable cases for standalone NR:
Proposal 1:
Specify a power sharing mechanism for standalone NR i.e. for NR CA and NR DC.
Power allocation should be efficient independently of the scenario where overlapping transmissions may occur:
Proposal 2:
All power sharing mechanism supports efficient sharing of up to the total UE transmission power.
For power sharing for LTE + NR DC:

Observation 2:
LTE specifications will support PCMAX calculation taking into account the portion allocated to NR. 
Proposal 3:
LTE+NR supports dynamic control of the fraction of the total UE available power PCMAX assigned to NR.  

For power sharing for Standalone NR:

Observation 3:
Dynamically varying timing aspects are based on RRC configuration and controlled by the scheduler. 

Observation 4:
Dynamically varying timing aspects are known to the scheduler at all times.

Given the above, the following is proposed:

Proposal 4:
Power allocation supports a flexible grouping of transmissions based on timing-related aspects.

Proposal 5:
Transmission grouping may be based on the TTI duration, the maximum offset between the start of respective transmissions and/or the processing latency. Details FFS.

Proposal 6:
Prioritization supports QoS scheduling differentiation. Details FFS e.g. by grouping, transmission type.  

For uses cases identical to LTE DC, it is proposed to specify PCM1 (synchronized deployments, single TTI duration) and PCM2 (unsynchronized deployments, single TTI duration) for NR DC.

Proposal 7:
NR supports PCM1 at least for NR-DC for synchronized deployments w/ UE-specific single TTI duration.
Proposal 8:
NR supports PCM2 for NR-DC for unsynchronized deployments w/ UE-specific single TTI duration.
For other use cases involving overlapping transmissions of different TTI durations and of different “grant-to-transmission” processing times, it is proposed to extend PCM2 for NR DC and NR CA for any type of deployments (synchronized or not).

Proposal 9:
When configured, power sharing assigns a fraction of the UE’s total available power (PCMAX) to a transmission group (TRGx). The number of supported TRGs is FFS.

Observation 5:
For NR, existing PCMs do not adequately address multiple TTI durations or QoS differentiation.

Proposal 10:
PCM2 is extended to support power sharing with multiple uplink carriers and multiple TTI durations.
Proposal 11:
PCM2 is extended to support multiple groups of transmissions.
Observation 6:
Dynamic adaptation of guaranteed power levels can increase power sharing efficiency by tailoring the reservation of power based on the composition of the traffic mix.

Proposal 12:
PCM2 is extended to support dynamically adaptive guaranteed power levels per group of transmissions.
Proposal 13:
Dynamic adaptation of guaranteed power level for a group of transmissions is controlled by the network. FFS whether it is based on scheduling activity, explicit signalling (e.g DCI or MAC CE), or both.

Finally, it is suggested to consider enabling the UE to reclaim or to increase the power of the data portion of an ongoing transmission while maintaining the power level of the DM-RS portion unchanged, to further improve power sharing.
Proposal 14:
RAN1 considers support for guaranteed DMRS power for the power sharing mechanism.
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