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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
In 3GPP RAN1 NR Ad-Hoc @ 2017 Jan [2], the following agreement regarding to short PUCCH is made : 
Agreements:
· For PUCCH in short-duration,

· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:

· Whether/how a UL data in the long UL-part can be extended until the end of the slots.

This contribution focuses on the issue of multiplexing of PUSCH and short PUCCH.
2 Multiplexing of PUSCH and short PUCCH
On basic mechanism for multiplexing of PUSCH and short PUCCH is to reserve some PRBs of the last symbol (or the last few symbols) as short PUCCH region, and PUSCH can use non-short-PUCCH region. To improve resource utilization even further, it is more efficient if PUSCH and short PUCCH can share resource dynamically. For example, the dynamic indication of ending symbol index of PUSCH improves the resource utilization. Figure 1 shows some examples how to perform the multiplexing of PUSCH and short PUCCH. The examples can further be distinguished by 
a. Whether PRBs (in freq domain) of PUSCH and PRBs of short PUCCH of UE1 overlap

b. There are one UE or more than one UE transmitting short PUCCH
· Non-overlapping PRBs (PRBs of PUSCH and PRBs of short PUCCH of UE1 do not overlap)

· One UE considered

When there is only one UE in the slot, and the UE is transmitting both PUSCH and short PUCCH. gNB may depend some criterions to determine the ending symbol index of PUSCH to efficiently utilize the radio resource. For example, gNB may indicate UE whether to use the last symbol for PUSCH or not depending on UE’s power situation, as shown in Figure 1a/1b. As shown in Figure 1b, gNB asks UE not to use the last symbol for PUSCH when UE is in power-limited situation.
· More than one UE considered
As shown in Figure 1c, when there are more than one UE transmitting short PUCCH, gNB may depend on different situation to allow PUSCH to use the last symbol or not.
· Overlapping PRBs (PRBs of PUSCH and PRBs of short PUCCH of UE1 overlap)

· One UE considered

When overlapping PRBs happen, for simplicity, gNB may also ask UE not to use the last symbol for PUSCH, as shown in Figure 1d.
· More than one UE considered

Similarly, gNB may ask UE not to use the last symbol for PUSCH, as shown in Figure 1e, since there are many UEs transmitting short PUCCH in the last symbol.
Resource utilization is more efficient if PUSCH and short PUCCH can share resource dynamically. Table 1 provides the rough analysis of efficiency improvement. For simplicity, it is assumed that short PUCCH may use the whole last symbol. When UL-only slot with number of OFDM symbols being 14, the improved utilization efficiency is 1/14, if PUSCH can dynamically use the last symbol. Table 1 provides the possible efficiency improvement for other cases, and therefore we have observation #1 as,
Observation #1: Flexible multiplexing of PUSCH and short PUCCH, achieved by dynamic indication of the ending symbol index of PUSCH, provides better resource utilization.

Design of SRS is not completed yet. It is possible that SRS follows some LTE design principle, that SRS is transmitted in the last symbol in one slot. Hence, multiplexing of PUSCH and SRS may follow the same methodology to improve further resource utilization. 

Observation #2: Flexible multiplexing of PUSCH and SRS, achieved by dynamic indication of the ending symbol index of PUSCH, provides better resource utilization.
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Figure 1. Multiplexing of PUSCH and short PUCCH
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Table 1. Rough analysis of efficiency improvement
Therefore, to improve resource utilization, it is proposed:
Proposal #1: The index of ending symbol for PUSCH is indicated (or derived) in DCI.

3 Conclusion
This contribution analyzes the multiplexing of PUSCH and short PUCCH, and we have following observations
Observation #1: Flexible multiplexing of PUSCH and short PUCCH, achieved by dynamic indication of the ending symbol index of PUSCH, provides better resource utilization.

Observation #2: Flexible multiplexing of PUSCH and SRS, achieved by dynamic indication of the ending symbol index of PUSCH, provides better resource utilization.

Therefore, to improve resource utilization, it is proposed:
Proposal #1: The index of ending symbol for PUSCH is indicated (or derived) in DCI.
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