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1 Introduction

This contribution is a re-submission of R1-1716259.

R1-1711526 [1] and R1-1714118 [2] previously discussed objectives of power sharing and applicable scenarios for LTE-NR Non Standalone (NSA) but also for NR Carrier Aggregation (CA) and NR DC.
For LTE-NR NSA operation, it was agreed during the RAN1 AH#2 [3] meeting to support semi-static power sharing between LTE and NR thereby addressing a desire to have the least possible impact to LTE implementation while trading off the potential benefits of having mechanisms similar to those of LTE DC that aims to maximize the usage of the UE’s total available power at any given time. Further details of the power split agreed at RAN1#90 [4], noting that network implementation may additionally reserve an amount of power for NR transmissions of higher priority.
For NR CA and DC, the same motivations as for LTE DC are applicable with respect to maximizing the usage of the UE’s total available power at any given time.
RAN1 has also made agreements related to dynamic scheduling information and further defined dynamically variable (i.e., informed by DCI) scheduling-related delay components [4], including K1: delay between DL data (PDSCH) reception and corresponding ACK transmission on UL, K2: delay between UL grant reception in DL and UL data (PUSCH) transmission, N1: the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective and N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE perspective.
NR power control should further consider those timing aspects. 

In this contribution we discuss power control modes (PCM) for NR CA and NR DC, including design objectives and considerations as well as possible mechanisms using the LTE DC PCMs as a baseline for the NR PCMs.
2 Power Sharing for Standalone NR
Similar as for LTE, it is expected that PCMAX for NR will be specified as a limit similar to the configured maximum UE output power. Still similar as for LTE, there is thus a possibility that the sum of the transmit power for uplink transmissions that overlaps in time at least partly would exceed PCMAX. 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. Regulatory requirements above 6GHz are yet to be defined.
For standalone NR including CA and DC, similar issues as were 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 UE output power across all transmissions (at least within a frequency range).

2.1 Deployment Scenarios to Consider for Power Control for NR

Similar as for LTE DC, the applicable deployment and configuration scenarios should be considered when discussing power control mechanisms for a UE that supports NR DC. The following 3 scenarios are proposed for consideration for the discussion on power control for NR: 
Scenario 1 - Synchronized deployments with single HARQ timeline for [TTI, K1, K2] (NR DC only)
This scenario is identical to LTE DC where there can be at most up to a specific threshold (e.g. 33µs for LTE DC) timing difference between the start of overlapping transmissions to ensure sufficient UE processing time to operate according to PCM1, and all transmissions have the same TTI duration for a given UE. The delay between the reception of PDCCH with a UL grant and the corresponding transmission as well as that of the transmission of HARQ feedback following DL PDSCH reception is also fixed for a given UE. The network can multiplex transmissions from different UEs using different TTI durations in the same cell.

Scenario 1 is characterized as follows:

· The timing difference between the start of overlapping transmissions may be at most up to a specific threshold;
· The UE is configured with a single value for each of: TTI duration, K1 and K2;

· The value of N1, N2 are sufficient in terms of UE capability to consider all scheduling information in due time.

Scenario 2 - Unsynchronized deployments with single HARQ timeline for [TTI, K1, K2] (NR DC only)
This scenario is identical to LTE DC where there can be up to a specific threshold (e.g. 500µs for LTE DC) timing difference between the start of overlapping transmissions, and where all transmissions have the same TTI duration for a given UE. PCM2 ensures that such timing difference can be handled with sufficient processing time by defining the allocation of remaining power first to the CG with the “first-in-time” transmission(s). The delay between the reception of PDCCH with a UL grant and the corresponding transmission as well as that of the transmission of HARQ feedback following DL PDSCH reception is also fixed for a given UE. The network can multiplex transmissions from different UEs using different TTI durations in the same cell.

Scenario 2 is characterized as follows:

· The timing difference between the start of overlapping transmissions may be at most up to a specific threshold;

· The UE is configured with a single value for each of: TTI duration, K1 and K2;

· The value of N1, N2 are insufficient in terms of UE capability to consider all scheduling information on time.

Scenario 3 - Multiple HARQ timelines for the same UE – for synchronized or unsynchronized deployments
This scenario has not been addressed for LTE DC. In this case, overlapping transmissions may have different TTI durations, different K1 and/or different K2 and their respective start may have different timing differences – up to the difference between their respective TTI duration (e.g. up to 1ms minus one or a few mini-slots) for a given UE. This scenario is also applicable for NR CA.

Scenario 3 is characterized as follows:

· The timing difference between the start of overlapping transmissions can only be said to be always less than the duration of the transmission that occurs earliest in time. In other words, the difference may be up to the duration of the transmission that occurs earliest minus one symbol duration of the transmission of the numerology with the shortest symbol duration (i.e., the overlap is at least one of the shortest symbol duration).

· In this case, a power control mode is required to handle (or make irrelevant) this timing difference;

· The UE is configured with at least one of TTI duration, K1 and K2 having more than one value;

· In this case, a power control mode is required to handle (or make irrelevant) the TTI duration, K1 and K2;

· The value of N1, N2 are insufficient in terms of UE capability to consider all scheduling information on time.
Consequently, the following is proposed:

Proposal 1:
RAN1 considers the following scenarios for uplink power control for NR:


Scenario 1: Synchronized DC deployments, with single HARQ timeline [TTI, K1, K2] per UE;


Scenario 2: Unsynchronized DC deployments, with single HARQ timeline [TTI, K1, K2] per UE;


Scenario 3: Any deployment for CA or DC, with multiple HARQ timelines [TTI, K1, K2] per UE.
Observation 1:
Neither LTE PCM1 or LTE PCM2 are directly applicable to scenario 3.
Observation 2:
Power sharing is needed for deployment scenarios for NR DC, but also for NR CA. 
2.2 Design objectives for power Sharing for Standalone NR

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 NR CA/DC should target the following objectives:

· 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.
Consequently, the following is proposed:

Proposal 2:
NR supports uplink power control mode(s) that maximizes sharing of the UE’s maximum output power.
Proposal 3:
NR power control mode(s) share the UE’s power at least as efficiently as for LTE DC in scenario 1 and 2.

Proposal 4:
NR supports a power control mode for scenario 3 that efficiently shares a UE’s maximum output power.
2.3 Design Considerations for Power Sharing for Standalone NR

2.3.1 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 DC was designed for a single, fixed 1ms TTI duration with a single, fixed, UE/eNB processing time of 3ms (i.e., K1, K2 NR). Timing issues were mainly related to the grant to transmission processing delay (i.e., K2 for NR) in asynchronous deployments given insufficient UE processing time for all schedyuling information (i.e., N2 in NR). 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:

· Multiple 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 and dynamically signaled value for K2 implies that the offset between the start of two overlapping transmissions is no longer related only to synchronization aspecs of the deployment.
· Variable processing latency: the processing latency may differ for transmissions with different HARQ timelines.
The above three aspects are applicable to both standalone NR CA and standalone NR 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 controlled by RRC configuration and scheduling information. 

Observation 4:
Timing aspects are known to the gNB scheduler at all times for all scheduled transmissions.

Given the above, the following is proposed:

Proposal 5:
Power allocation supports a flexible grouping of transmissions based on timing-related aspects.

Proposal 6:
Transmission grouping support grouping based on HARQ timeline [TTI, K1, K2]. Details FFS.
For example, transmissions of the same MAC instance and associated to a specific range of TTI durations or to a specific HARQ timeline could be part of the same transmission group. Each group could then be configured with a minimum guaranteed fraction of PCMAX.
2.3.2 Support for Scheduling-related Aspects

During RAN2#99 [5], it was discussed whether to map data for a given Logical Channel (LCH) to a given Transport Block (TB) based on an explicit indication or by implicit means. An explicit indication would only have required e.g., one or a few bits in a DCI with a corresponding RRC mapping configuration, while implicit means requires e.g. a semi-static configuration of a number of combinations of specific grant-related parameters to reflect a scheduler’s intended QoS treatment e.g. eMBB or URLLC). RAN2 has agreed to support a LCH restriction for LCP based on available parameters coming from PHY and/or RRC, including sub-Carrier Spacing, Cell, “Time”. RAN2 has left what “time” means FFS (e.g. PUSCH transmission duration and K2) and whether other parameters are required.
Observation 5:
NR MAC multiplexes data in a TB in LCP as a function of the characteristics of the transmission.
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.
Proposal 7:
Prioritization supports QoS scheduling differentiation. Details FFS e.g. by grouping, transmission type. 
3 Power Control Modes for Standalone NR

3.1 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 NR CA and DC, 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 2.3.1) and related to scheduling-related aspects (as described in section 2.3.2). Consequently:

Proposal 8:
When configured, NR power control mode assigns a fraction of the UE’s maximum output 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.
3.2 Mechanisms for Power Sharing for Standalone NR

Firstly, as explained above, NR should aim to be at least as efficient LTE DC in terms of power sharing as well as reusing as much as possible of the LTE UL DC power control whenever applicable. Consequently:
Proposal 9:
NR supports PCM1 for NR DC for deployment scenario 1.
Proposal 10:
NR supports PCM2 for NR DC for deployment scenario 2.
However, as explained above and earlier in R1-1711526 [1], existing power control modes PCM1 and PCM2 cannot address adequately deployment scenario 3 described above.
Observation 6:
For NR, existing PCM1 and PCM2 do not adequately address deployment scenario 3.

3.2.1 PCM3 - Extending PCM2 for NR CA and NR DC for Scenario 3
The remaining power has been defined to enable sharing of a fraction of the UE’s maximum output power. The challenge with PCM1 and PCM2 is related to settting the level for each group of transmissions and ensuring that the remaining power is allocated efficiently, and for PCM2 to minimize power left unused when scaling per CG is applied.

Support for different HARQ timelines as described above and different framing formats (mini-slots, slots and subframes) 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 maximum output 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.
A power control mode for NR with scenario 3 should then preferably be based on principles of PCM2 while not relying only on scheduling information i.e., not relying on the “first transmission in time” principle and where dependencies between groups of transmissions are minimized (e.g. no look-ahead required) when allocating “shareable” power.

Proposal 11:
PCM2 is used as the baseline for power allocation in deployment scenario 3.
Proposal 12:
PCM2 is extended to support multiple HARQ timelines i.e. different combinations of [TTI, K1, K2].
Proposal 13:
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 PTRGx) 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 PTRGx such that those changes are controlled and known by the network according to the composition of the active traffic mix.

Observation 7:
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 14:
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 15:
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.

3.2.2 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.
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Figure 1: Simultaneous uplink transmission with different transmission time intervals
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 16:
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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4 Conclusion
This contribution discusses power sharing for LTE + NR DC and NR DC. RAN1 should agree to the following:
For deployment scenarios under consideration for NR power control

Proposal 1:
RAN1 considers the following scenarios for uplink power control for NR:


Scenario 1: Synchronized DC deployments, with single HARQ timeline [TTI, K1, K2] per UE;


Scenario 2: Unsynchronized DC deployments, with single HARQ timeline [TTI, K1, K2] per UE;


Scenario 3: Any deployment for CA or DC, with multiple HARQ timelines [TTI, K1, K2] per UE.
Observation 1:
Neither LTE PCM1 or LTE PCM2 are directly applicable to scenario 3.

Observation 2:
Power sharing is needed for deployment scenarios for NR DC, but also for NR CA. 
For the design objectives of power sharing for standalone NR CA and NR DC:

Proposal 2:
NR supports uplink power control mode(s) that maximizes sharing of the UE’s maximum output power.
Proposal 3:
NR power control mode(s) share the UE’s power at least as efficiently as for LTE DC in scenario 1 and 2.

Proposal 4:
NR supports a power control mode for scenario 3 that efficiently shares a UE’s maximum output power.
For the design considerations for power control modes for standalone NR CA and NR DC:

Observation 3:
Dynamically varying timing aspects are controlled by RRC configuration and scheduling information. 

Observation 4:
Timing aspects are known to the gNB scheduler at all times for all scheduled transmissions.

Proposal 5:
Power allocation supports a flexible grouping of transmissions based on timing-related aspects.

Proposal 6:
Transmission grouping support grouping based on HARQ timeline [TTI, K1, K2]. Details FFS.

Observation 5:
NR MAC multiplexes data in a TB in LCP as a function of the characteristics of the transmission.
Proposal 7:
Prioritization supports QoS scheduling differentiation. Details FFS e.g. by grouping, transmission type. 

For the grouping of transmissions for power allocation for NR:
Proposal 8:
When configured, NR power control mode assigns a fraction of the UE’s maximum output power (PCMAX) to a transmission group (TRGx). The number of supported TRGs is FFS.

For power allocation for NR DC and NR CA:

For uses cases identical to LTE DC, it is proposed to support PCM1 and PCM2 for NR DC.

Proposal 9:
NR supports PCM1 for NR DC for deployment scenario 1.
Proposal 10:
NR supports PCM2 for NR DC for deployment scenario 2.
For power control mode supporting scenario 3 for NR DC and NR CA:

For uses cases corresponding to scenario 3 above, it is proposed to support a new PCM3 that extends PCM2.

Proposal 11:
PCM2 is used as the baseline for power allocation in deployment scenario 3.
Proposal 12:
PCM2 is extended to support multiple HARQ timelines i.e. different combinations of [TTI, K1, K2].
Proposal 13:
PCM2 is extended to support multiple groups of transmissions.
Observation 7:
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 14:
PCM2 is extended to support dynamically adaptive guaranteed power levels per group of transmissions.
Proposal 15:
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 16:
RAN1 considers support for guaranteed DMRS power for the power sharing mechanism.
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