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Introduction  
This contribution considers UL power control for NR-NR DC (NN-DC) where both the MCG and SCG operate on the same frequency range [1].


UL power control for NR-NR DC 
NR Rel-15 supports DC operation on a same frequency range (FR1) where the MCG-SCG operates with LTE-NR (EN-DC) or NR-LTE (NE-DC). To avoid coverage limitations while not increasing latency and, in general, to avoid UE transmission power under-utilization, dynamic power sharing was first agreed. Subsequently, as LTE and NR are typically supported by different UE modems and as inter-modem communication cannot be always guaranteed to be fast enough to enable exchanging and adjusting required transmission power at a later time, particularly for NR, support for semi-static power sharing was also agreed as a complementary mechanism. This was with the understanding that semi-static power sharing can become obsolete if dynamic power sharing is mandated at a later time [2]. For certain band combinations and/or resource allocations, simultaneous UL transmissions from a UE on different bands can cause intermodulation products and degrade receiver sensitivity. However, this is a separate issue that is already addressed by single UL switched transmissions in Rel-15 (with some functional enhancements to improve scheduling opportunities considered in Rel-16) and is not further considered in this contribution.

Overall, UL power control for DC operation is a highly mature subject with extensive work done both in LTE and in NR. For NN-DC, a same UE modem will be used for communication with both CGs. Inter-modem communication delay considerations for EN-DC are not applicable. Also, power allocation and MPR/A-MPR determination are simpler than for EN-DC. 

In RAN1 NRAH#1901, some of the discussions revolved around issues that should be well understood by now and have associated specifications in LTE and/or NR. A list of questions was prepared as part of the offline discussions [3] and those questions are considered in the following. 

Q1: What is dynamic power sharing for NR-NR DC?
A1: It is the same as dynamic power sharing for LTE DC or EN-DC. It is the ability of a UE to allocate power to a transmission on one CG while considering ongoing, and possible upcoming, transmissions on both CGs. 


Q2: What is semi-static power sharing for NR-NR DC?
A2: It is the semi-static power sharing considered in LTE DC and EN-DC (dual UL transmissions – as previously mentioned, single switched UL transmission is not further considered here). A UE is configured a maximum power for transmissions on each CG, that maximum power replaces PCMAX, and power allocation to a transmission on one CG does not consider transmissions on the other CG. Basically, operation is as for a single CG with a reduced maximum UE transmission power.


Q3: Does semi-static power sharing reduce UE implementation complexity compared to dynamic power sharing?
A3: No. From the UE implementation perspective, dynamic power sharing for DC is not different than dynamic power sharing for UL CA although the exact power allocation rules can be different to account for the independent schedulers per CG in DC.


Q4: Can Dynamic power sharing be operated to also cover semi-static power sharing? If yes, how? What is the impact from NW and UE perspective when this is done?
A4: Yes. A UE can be configured minimum (guaranteed) and maximum powers per CG. In general, any value up to PCMAX can be configured. When the minimum and maximum power per CG have a same value, power sharing is semi-static. This is a network implementation aspect and has no impact on the UE/gNB operation.


Q5: What is the impact on uplink performance (coverage/throughput) when semi-static power sharing is used for NR-NR DC?
A5: The impact is reduced coverage for a given latency and reduced UL (and possibly DL if UCI is also affected) spectral efficiency.


Q6: What is the impact on uplink performance (coverage/throughput) when dynamic power sharing is used for NR-NR DC?
A6: Dynamic power sharing enables flexible network deployments and different trade-offs for coverage and throughout (including deployments resulting to semi-static power sharing). Depending on prioritization rules for power allocation (e.g MCG is prioritized) and the value of a minimum guaranteed power on the SCG, coverage on the MCG can improve compared to a configuration of a maximum power for transmissions on the MCG that is meaningfully smaller than PCMAX (to enable transmissions on the SCG). As full utilization of UE transmission power is possible at any time, UL throughput also improves over semi-static power sharing.  


Q7: What is the impact on UL link adaptation when dynamic power sharing is used for NR-NR DC? 
A7: None. Use of a minimum guaranteed power can ensure that SRS transmission power on a CG is not affected due to transmissions on the other CG. Power for SRS transmission from a UE is separately controlled by P0_SRS (and SRS). For UEs experiencing a large path-loss, multi-symbol SRS transmission can also be used.


Q8: Unlike NR-CA where dynamic power control “is not needed” (since gNB does not interrupt its own scheduling decisions), NR-DC requires dynamic power sharing to recycle the left-over power. 
A8: The above statement (not question) is incorrect. Dynamic power control for NR-CA is needed and corresponding specifications for prioritization of power allocation in case PCMAX is exceeded are provided in section 7.5 of [4]. From the UE perspective, the operation is similar – the scheduling decisions are made by two, not one, schedulers but this is irrelevant to the UE operation.


Q9: Unlike NR-CA where dynamic power control “is needed” (since gNB can interrupt its own scheduling decisions whenever necessary), in NR-DC, due to the lack of communication, dynamic power sharing may lead to interrupting an uplink transmission of one cell group without gNB’s knowledge.. 
A9: The above statement (not question) is correct. However, it is under the network control through appropriate configurations. In most typical deployments, interrupted transmissions are not expected as a UE is unlikely to have simultaneous transmissions on both CGs, and also be power limited, and also the total power on the affected CG to exceed the respective minimum guaranteed power. Even when interrupted transmissions occur, the cost is similar to a failed detection of a DCI format or a failed detection of a TB/UCI. As long as a probability of interrupted transmissions is reasonably small, e.g. less than 10%, network operation benefits. This is expected to be the case in most/all deployments.    


Q10: Does the relative performance (coverage/throughput) of semi-static power sharing vs. dynamic power sharing depend on traffic load (e.g. low/medium/high) and traffic type (e.g. bursty, full buffer)?If yes, how?   
A10: As dynamic power sharing can collapse to semi-static power sharing based on the configuration of minimum/maximum power values, the question is rather pointless as it becomes a network implementation issue. A scenario where a coverage limited UE has full buffer traffic for simultaneous transmissions to both the MCG and the SCG is unlikely with unclear use cases and, even if it can occur, it can be controlled by the network through a configuration of maximum transmission power per CG. 


Q11: Should the uplink power control design for Rel. 16 NN-DC consider a UE with a single PA?
A11: Yes, as it is a typical UE implementation for DC in a same frequency range. It is also supported in LTE and in EN-DC and there is no reason for such UE implementation to not be supported for NN-DC.  


Considering the above, there is no drawback and there can be material operational advantages in supporting dynamic power sharing. Use of a minimum guaranteed power per CG, PCMIN,CGx, enables a network to control a probability that a UE will need to power scale a signal/channel transmission and additionally enables utilization of all UE transmission power as the maximum transmission power per CG can remain PCMAX. Additional configuration for a maximum available power per CG, PCMAX,CGx, can be considered to enable a network to apply semi-static power sharing, if needed. However, explicit configuration of PCMAX,CGx can be avoided and instead 1-bit RRC signaling can indicate to the UE whether or not it can use a power above PCMIN,CGx for transmission on a respective CG.

Proposal 1: Support configuration of minimum available powers for respective transmissions on the MCG and the SCG in NN-DC. 


Since with dynamic power sharing the total transmission power at a given time can exceed PCMAX, power prioritization rules are needed for the channels/signals to be power scaled. This is not different to power scaling for CA and the same rules can apply – no meaningful specification impact is expected. The only additional consideration for DC is the case of prioritizing power allocation between transmissions with same information type priority - it is trivial to pick the ones on MCG. Rel-16 can also require differentiation for data/UCI between eMBB and URLLC services but this is more appropriate to consider under the URLLC WI, it can be part of expanded power prioritization rules for CA, and does not need to be explicitly considered for NN-DC if CA prioritization rules are re-used. No timeline issues are expected for power reduction of a transmission given that the preparation time is not shorter than the cancelation time. 

Proposal 2: Rel-16 CA power allocation prioritization rules also apply in NN-DC for a power limited UE. In case of a same prioritization, power allocation is prioritized for transmissions on the MCG. 
  

Conclusions
This contribution considered aspects related to UL power control operation for NN-DC operation in a same frequency range and proposes the following.

Proposal 1: Support configuration of minimum available powers for respective transmissions on the MCG and the SCG in NN-DC. 

Proposal 2: Rel-16 CA power allocation prioritization rules also apply in NN-DC for a power limited UE. In case of a same prioritization, power allocation is prioritized for transmissions on the MCG. 
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