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1 Introduction
In 3GPP RAN1#88bis [1], the following agreements regarding to dynamic indication of transmission length on data channel are made : 
Agreements:
· The duration of a data transmission in a data channel can be semi-statically configured and/or dynamically indicated in the PDCCH scheduling the data transmission

· FFS: the starting/ending position of the data transmission
· FFS: the indicated duration is the number of symbols

· FFS: the indicated duration is the number of slots

· FFS: the indicated duration is the numbers of symbols + slots

· FFS: in case cross-slot scheduling is used
· FFS: in case slot aggregation is used

· FFS: rate-matching details

· FFS: whether/how to specify UE behavior when the duration of a data transmission in a data channel for the UE is unknown

This contribution focuses on some aspects for PUSCH.

2 The starting/ending position of PUSCH without slot aggregation
There are four types of slot formats defined in NR, as shown in Figure 1. When PUSCH is discussed, slot types of “UL-only” and “UL-major” are taken into consideration. In these two slot types, multiplexing between PUSCH and short-PUCCH/SRS or between PUSCH and PDCCH shall be addressed, which is discussed in the following two sections.
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Figure 1. Different slot types for NR

2.1 Multiplexing between PUSCH and short-PUCCH or SRS

One 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 only 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 2. Multiplexing of PUSCH and short PUCCH
Table 1. Rough analysis of efficiency improvement

[image: image3]
2.2 Multiplexing between PUSCH and PDCCH

When one slot is configured (semi-statically) as “UL-only”, there is no issue regarding to multiplexing between PUSCH and PDCCH, and PUSCH can always be transmitted starting from the first OFDM symbol. However, there are some cases UE has no idea if PUSCH transmission in corresponding slot can start from the first OFDM symbol or not, as the below two cases :

· Case 1 : The slot is configured as “UL-major” and the region of PDCCH is dynamic (may be even 0 OFDM symbol).

· Case 2 : The slot is configured as “dynamic” for dynamic TDD.
To improve resource utilization, the index of starting symbol for PUSCH shall also be indicated (or derived) in DCI. As shown in Figure 3, it is assumed that slot type of slot #(n+1) is “UL-major” or dynamic, and Figure 3a/3b/3c address different scenario. Considering cross-slot scheduling, as shown in Figure 3a, when there is no symbol of PDCCH showing up in slot #(n+1), PUSCH may start from the first OFDM symbol. When there is one symbol of PDCCH transmitting, PUSCH may start from the third OFDM symbol, as shown in Figure 3b. Considering same-slot scheduling, PDCCH transmission is expected. PUSCH may start from the second symbol after transmission of desired PDCCH, as shown in Figure 3c. However, NW may also use the second or third OFDM symbol for PDCCH transmission so it is more flexible if the index of starting symbol for PUSCH is still indicated (or derived) in DCI.
Observation #3: Flexible multiplexing of PUSCH and PDCCH, achieved by dynamic indication of the starting symbol index of PUSCH, provides better resource utilization.
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Figure 3. Multiplexing between PUSCH and PDCCH
2.3 Summary

Section 2.1 discusses the multiplexing between PUSCH and short-PUCCH (or SRS), and Section 2.2 discusses multiplexing between PUSCH and PDCCH. To improve resource utilization, it is proposed :
Proposal #1: NR supports the starting and ending position (in time) for PUSCH indicated (or derived) in DCI, which schedules the corresponding PUSCH.

3 The starting/ending position of PUSCH with slot aggregation

Slot aggregation is supported in NR. There are three alternatives to indicate the starting/ending position (in time) for PUSCH, i.e. 

· Alt. A : there is one common indication field for all slots

· Alt. B : each slot has its own indication field

· Alt. C : this is a hybrid mechanism of Alt. A and Alt. B, where the configured/predefined number of slots as a group share one common indication field and there may be more than one group.

Alt. A/B/C address the trade-off between resource utilization (scheduling flexibility) and DCI overhead, which is explained in Figure 4. In the example of Figure 4, it is assumed slot #(n+1) and slot #(n+2) are “UL-major with possible 0 symbol of PDCCH” slot or “dynamic”, and slot aggregation is with two slots. The starting index set of PUSCH is {0,2}, and the ending index set is {5,6}. Comparing Figure 4a and Figure 4b for Case X, since the available symbols for PUSCH happen to be the same (symbol #0~symbol #5) in slot #(n+1) and in slot #(n+2), Alt. A and Alt. B provide the same resource utilization of PUSCH. When Case Y in Figure 4 is analysed, it is found Alt. B provides better resource utilization with the cost of DCI overhead. Alt. C is a compromise between resource utilization (scheduling flexibility) and DCI overhead. The starting/ending position of PUSCH with slot aggregation shall be further studied since how slot aggregation is applied is still an open issue, for example : 
· Open issue 1 : To support “each TB per slot”, “one TB whole slot”, or to support both.

· Open issue 2 : Same or different MCS related parameters for each slot or not.

· Other open issues.

Whenever the starting/ending position of PUSCH with slot aggregation is to be discussed, the above Alt. A/B/C may be the starting point for development. 
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Figure 4. Multiplexing between PUSCH and PDCCH
4 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.

Observation #3: Flexible multiplexing of PUSCH and PDCCH, achieved by dynamic indication of the starting symbol index of PUSCH, provides better resource utilization.
Therefore, to improve resource utilization, it is proposed:
Proposal #1: NR supports the starting and ending position (in time) for PUSCH indicated (or derived) in DCI, which schedules the corresponding PUSCH.
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