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Discussion and decision
1 Introduction

In RAN1#86bis, the following was agreed [1].

	Agreements:
· Study at least the following aspects for NR carrier aggregation / dual connectivity

· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios

· Number of carriers

· The need for certain channels, e.g. downlink control channel, uplink control channel or PBCH for some carriers

· Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback

· TB mapping, i.e., per carrier or across carriers

· Carrier on/off switching mechanism

· Power control

· Different numerologies between different/same carrier(s) for a given UE
· FFS: whether/if different numerologies are multiplexed on one carrier for one UE is called carrier aggregation / dual connectivity
Agreements:
· Consider further the trade-offs for meeting URLLC requirements for the following.

· Semi-static resource allocation for UL data transmission.

· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.

· Normal SR-based transmission
· Other solutions are not precluded


In RAN1#87, the following was agreed [2].

	Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 

· FFS: resource configuration details

· FFS other details of design


Under the above agreements, simultaneous eMBB transmission and URLLC transmission in different CCs is supported, and UE power limitation issue may occur. This contribution considers power control issues for simultaneous URLLC transmissions and eMBB transmissions in UL CA.
2 Discussions 
Different from LTE, the difference of transmission time granularity between eMBB and URLLC may be large. For example, the transmission time granularity of eMBB can be 1ms and the transmission time granularity of URLLC can be much smaller than 1ms, such as 0.125 ms, as shown in Figure 1. Furthermore, the priority of URLLC transmission is higher than of eMBB transmission.  
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Figure 1: An illustration of URLLC and eMBB transmission
Furthermore, the difference of transmission time granularity between eMBB and short PUCCH may be large. For example, the transmission time granularity of eMBB may be 1ms and the transmission time granularity of short PUCCH is one or two OFDM symbols as shown in Figure 2. And the priority of short PUCCH transmission is typically higher than for eMBB data transmission.  
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Figure 2: An illustration of eMBB transmission and short PUCCH
2.1 New requirements of URLLC and short PUCCH
URLLC traffic can be with higher reliability requirements and with shorter transmission time interval and therefore require substantially larger transmission power than eMBB. Power allocation from a UE to different UL transmission types or services needs to be considered in case of UL CA.  
In NR, an eMBB slot may overlap with a URLLC slot/mini-slot. This overlapping issue for uplink power control is similar to the overlapping in asynchronous dual connectivity (DC) in LTE. For DC, there are two different modes for multicarrier power control. For Mode 1, ‘look-ahead’ is adopted. Transmission power is first allocated to both CGs with configured Minimum Guaranteed Power (MGP). Then the remaining power is allocated according to the channel type. For Mode 2, ‘non-look-ahead’ is adopted and the remaining transmission power is allocated to CGs according to the earlier timing of UL transmission. 

In NR and for supporting services with high reliability and/or latency requirements, such as URLLC, eMBB throughput can be significantly impacted if large power is reserved for URLLC transmissions and a small percentage of remaining power can be allocated for eMBB transmission particularly since URLLC is likely to transmitted only in a small part of one slot as shown in Figure 3(left part) or, even worse, when there is no URLLC transmission as shown in Figure 3(right part) where eMBB is further unnecessarily penalized and UE power is wasted.  
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Figure 3: Example of power of eMBB and URLLC
Similar to URLLC, when short PUCCH is transmitted in very short interval in one serving cell and eMBB is transmitted in another serving cell, the power requirement for short PUCCH may be large, and UE power may be wasted.
Proposal 1:  Study power allocation for URLLC and eMBB and for eMBB and short PUCCH transmissions in UL CA. 
2.2 Power control for eMBB and URLLC 
As previously mentioned, URLLC and short PUCCH are transmitted in short time interval, with high power, and with high priority. Then, if the eMBB power remains constant in one slot, the available power for eMBB may be materially limited, and frequently a significant amount of UE power can remain unutilized leading to material limitation in eMBB throughput. Some options to enhance power efficiency and avoid substantially penalizing eMBB throughput can be the following:
Option 1:

When a UE determines the required power for eMBB, the UE does not know whether or not URLLC is to be transmitted in the slot and the UE allocates power for eMBB transmission assuming no URLLC transmission. When the UE needs to transmit URLLC while the UE is transmitting eMBB and the UE does not have sufficient power to transmit both eMBB and URLLC with a target power, the UE suspends the eMBB transmission as shown in Figure 4; otherwise, the  UE transmits both eMBB and URLLC.
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Figure 4: URLLC Transmission occurs while UE transmits eMBB and UE suspends eMBB when power limited.
Option 2:

When a UE determines the required power for eMBB, the UE does not know whether or not URLLC is to be transmitted in the slot and the UE allocates power for eMBB transmission assuming no URLLC transmission. When the UE needs to transmit URLLC while the UE is transmitting eMBB and the UE does not have enough available power to transmit both, the UE suspends the eMBB transmission in the overlapping part as shown in Figure 5; otherwise, the UE transmits both eMBB and URLLC with the respective target powers.
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Figure 5: URLLC Transmission occurs while UE transmits eMBB and UE suspends eMBB on overlapped symbols

Option 3:
When a UE determines the required power for eMBB, the UE does not know whether or not URLLC is to be transmitted in the slot and the UE allocates power for eMBB transmission assuming no URLLC transmission. If the UE needs to transmit URLLC later in the slot, the power of eMBB can be adjusted during the overlapping period so that the power requirement of URLLC is met. 

In this option, the transmission power in different eMBB symbols may be different. This can be problematic for QAM-type modulations for eMBB but can be acceptable for QPSK modulation.
Alternatively, we have following two options for further study.
Option 4:

When a UE determines a required power for eMBB, the UE does not know whether or not URLLC is to be transmitted in the slot, the UE reserve power for URLLC and eMBB according to multiple hypotheses regarding a likelihood and power requirements for URLLC transmission. If the UE needs to transmit URLLC later in the slot, the power of the eMBB transmission can be selected as largest one (P1) that allows URLLC to be transmitted with a target power. 
Option 5:

When a UE determines a required power for eMBB, the UE does not know whether or not URLLC is to be transmitted in the slot, the UE reserves power for URLLC and eMBB according to multiple hypotheses regarding a likelihood and power requirements for URLLC transmission.  When URLLC needs to be transmitted later in the eMBB slot, the power of eMBB can be selected as largest one (P1)  that allows URLLC to be transmitted with a target power in the overlapping part; while the power for eMBB is the target one in non-overlapping parts of the eMBB slot as shown in Figure 6. 

Comparing with option 4 wherein the transmission power of one eMBB slot is constant, the transmission power in different eMBB symbols may be different (e.g., in figure 6, 3rd symbol with P1 while other symbols in eMBB slot with P2) in option 5. This can be problematic for QAM-type modulations for eMBB but can be acceptable for QPSK modulation.
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Figure 6: URLLC Transmission occurs while UE transmits eMBB and UE adjust eMBB powers on overlapped symbols
Proposal2: Consider adjustment of eMBB power within a eMBB slot. 
2.3 LLS results
In order to compare the performance of eMBB transmission with different power control schemes, the respective BLER is evaluated. The simulation parameters are as in the following Table:

	Parameters
	Configurations

	Carrier Frequency
	2 GHz

	System Bandwidth
	20 MHz

	Subcarrier spacing
	15 kHz

	BS antenna configuration
	2 Rx

	UE antenna configuration
	1 Tx

	Channel model
	TDL-C

	Modulation
	16QAM

	Channel estimation
	perfect

	Total number of sub-frames
	104

	CP type
	normal

	Number of OFDM symbols in one slot
	14

	Number of overlapping OFDM symbols
	2


Fig. 7 shows the BLER of eMBB as a function of SINR with coding rate 3/4 and Fig. 8 shows the BLER of eMBB as a function of SINR with coding rate 1/3. Each plot consists of three (Fig. 7) or four (Fig. 8) curves: one for stopping transmission in overlapping part, one for power reduction of 3 dB in overlapping part, one for power reduction of 10 dB in overlapping part, and one for no power reduction. From the two plots in Fig. 8 we can observe the following:
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Figure 7  BLER performance of eMBB for coding rate 3/4
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Figure 8 BLER performance of eMBB for coding rate 1/3
3 Conclusions
In this contribution, impact to eMBB DMRS by puncture of URLLC are discussed and possible solutions to mitigate such impact were presented. It is proposed as below:
Proposal 1:  Study power allocation for URLLC and eMBB and for eMBB and short PUCCH transmissions in UL CA. 
Proposal2: Consider adjustment of eMBB power within a eMBB slot. 
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