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1 Introduction
In 3GPP RAN1#87 [1], the following agreements regarding to design principles of PUCCH are made : 
Agreements:
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
One possible issue regarding to power control is analyzed for the agreed FDM scenario “FDM of ‘short UCI’ and data within a UE where the PRBs for short UCI and data are non-overlapping”.
2 Power control issue for the agreed scenario
Table.1 shows the agreed scenario of FDM of “short UCI” and data for PRB non-overlapping case. In “Between UEs” case, there is no power control issue. However, for “Within a UE” case, power control issue has to be addressed.

Table 1. FDM of short PUCCH and PUSCH between UEs and within a UE
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Power control is typically applied in UL transmission. According to pre-defined rule/mechanism, power to be transmitted for each UL channel is calculated, denoted as P_pusch_cal and P_pucch_cal for PUSCH and PUCCH channel, respectively. It is noted that there is limitation to UL transmission power, denoted as P_max. The calculated power may be larger than P_max, i.e. P_pusch_cal or P_pucch_cal may be larger than P_max, and also P_pusch_cal plus P_pucch_cal may be larger than P_max. Depending whether the calculated power (or their sum) exceeds P_max or not, the transmitted power is equal to or smaller than the calculated power, for example, P_pusch_tx ≦ P_pusch_cal. There are two simple power control mechanisms can be applied when “P_pusch_cal + P_pucch_cal” is greater than “P_max” in the last symbol

· Method A : Scaling down the power of PUSCH in the whole slot

For “P_pusch_cal + P_pucch_cal > P_max” in the last symbol, to guarantee the performance of short PUCCH, one simple solution is to allow PUSCH to use the remaining power (i.e., P_pusch_tx = P_max – P_pucch_tx) in the whole slot. However, it is not natural to limit the power of PUSCH in the first few symbols only due to the condition in the last symbol, which also greatly limit throughput of PUSCH. Therefore, “pure Method A” is not a good solution.

Observation #1: When power sum of PUSCH and PUCCH exceeds P_max, scaling down the power of PUSCH in the whole slot degrades throughput of PUSCH.
· Method B : Scaling down the power of PUSCH in the last symbol

For “P_pusch_cal + P_pucch_cal > P_max” in the last symbol, to guarantee the performance of short PUCCH, the principle is to allow PUSCH to use the remaining power in the last symbol. This solution is straight-forward, but there is one issue arising, which is “the unknown power scaling of the last symbol may cause performance degradation of PUSCH reception”. For higher-order QAM, demodulation does not work well since the average reception power is unknown. Even for QPSK, when a code block spans symbols with different power scaling, the optimized decoder needs the knowledge of power relationship of these symbols. Therefore, “pure Method B” is neither a good solution.
Observation #2: When power sum of PUSCH and PUCCH exceeds P_max, scaling down only the power of the last symbol of PUSCH still causes performance degradation of PUSCH.

If PUSCH performance is degraded, from system’s point of view, the resource is not used in an efficient way. One may wonder if there is any simpler solution to handle the issue. According to one observation of R1-1612140 “Multiplexing of PUCCH and other channels”[2], we know that “Resource utilization can be improved if the usage of the last symbol of PUSCH can be dynamically indicated”. Besides, with PHR (power headroom reporting), gNB may roughly know UE’s power status and perform appropriate scheduling. Therefore, gNB can foresee possible power truncation, and notify UE whether to use the last symbol or not. One indication may be introduced into DCI to indicate whether to use the last symbol or indicate the index of ending symbol for PUSCH transmission. The ending symbol indication provides gNB flexibility to schedule PUSCH and short PUCCH. In addition, it also provides gNB the chance to avoid power truncation issue as discussed in this contribution, as shown in Table 2, which is referred to as Method C.
· Method C : NW helps to avoid “power truncation situation” by indicating the index of ending symbol of PUSCH, where “power truncation situation” means the situation “P_pusch_cal + P_pucch_cal > P_max in the last symbol”
Observation #3: (From R1-1612140) Resource utilization can be improved due to flexibility if the usage of the last symbol of PUSCH can be dynamically indicated.

Observation #4: Indicating whether to use the last symbol of PUSCH can also help to avoid power truncation issue.

Proposal #1: The index of ending symbol of PUSCH shall be indicated (or derived) in DCI.
It is noted that even if the ending symbol indication is introduced in DCI, at least some power control rule shall still be specified since NW may have wrong estimation on UE’s power status or allow power truncation for some reason. Method A or Method B can be specified in such case. Since Method A (scaling down power of PUSCH for the whole slot) degrades PUSCH performance more, Method B shall be adopted, as the below proposal : 
Proposal #2: When power sum of PUSCH and short PUCCH exceeds P_max, scaling down the power only for the symbol(s) of PUSCH, which collides symbol(s) of short PUCCH in time, shall be supported.

Table 2. Dynamic indication of the index of ending symbol of PUSCH
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3 Conclusion
Dynamic indication of the ending symbol of PUSCH can not only provide the flexibility to improve resource utilization, but also to avoid the “power truncation issue” discussed in this contribution. Therefore, it is proposed :
Proposal #1: The index of ending symbol of PUSCH shall be indicated (or derived) in DCI.

Moreover, at least some power control rule shall still be specified since NW may have wrong estimation on UE’s power status or allow power truncation for some reason. Therefore, it is also proposed :
Proposal #2: When power sum of PUSCH and short PUCCH exceeds P_max, scaling down the power only for the symbol(s) of PUSCH, which collides symbol(s) of short PUCCH in time, shall be supported.
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