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1 Introduction

In the work item description [1], for Frame structure type 1, it is proposed to 
· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

Based on the outcome of the study item on latency reduction [2], the followings are recommended to be supported for the design of DMRS for sPUSCH: 

· For the case of 1-slot TTI length, reuse the current DM-RS 

· For the case of less than 1-slot TTI length, support DM-RS sharing/multiplexing of consecutive TTIs from one or multiple UEs 

· At least 2 contiguous TTIs can be shared/multiplexed.

In RAN1#86bis, the pattern for 4-symbol sTTI (if supported) is agreed to be the one proposed in R1-1610834. The pattern for 1-slot sTTI was agreed in R1-1610827. For 2-symbol sTTI the following agreement was made.

· For 2-symbol TTI, RAN1 will down-select UL sTTI structure among the following options:

· Option 1: fixed sTTI structure 
· The data symbol(s) for sPUSCH are confined within a sTTI. Note that the DMRS for one sTTI may be placed within or outside the sTTI.

· Option 1a: without spanning over slot boundary
· The presence (if any) and the position of the UL DMRS is given by the UL grant, 

· If the UL DMRS is present it can be positioned before, within or after the sTTI

· Considered sTTI patterns in OFDM symbols per subframe

· Alt1: (2, 2, 3, 2, 2, 3)

· Alt2: (3, 2, 2, 2, 2, 3)

· Alt3: (3, 2, 2, 3, 2, 2)

· Option 1b: a sTTI can span over slot boundary

· Considered sTTI patterns in OFDM symbols per subframe

· Alt1: (2, 2, 2, 2, 2, 2, 2)

· Option 2: fixed nominal sTTI starting points and a possibility to delay the start of the transmission by N symbols with an indication in the UL grant 

· The presence (if any) and the position of the UL DMRS is given by the UL grant, 

· If the UL DMRS is present it can be positioned before, within or after the sTTI 

· The nominal sTTI starting point is determined by n+k processing time and DL sTTI structure

In this contribution, we discuss how to configure and transmit sPUSCH considering different sTTI lengths. 
2 Discussion
2.1 UL sTTI patterns

In this section, we outline principles for the short TTI (sTTI) configurations for uplink transmission, considering different sTTI lengths. 
Uplink frequency hopping on slot basis is applied to PUCCH transmissions and can be applied to PUSCH transmissions. This implies that the frequency bands allocated for uplink sTTI transmissions may vary between two slots within a subframe when intra-subframe frequency hopping is supported for UEs not operating with sTTI. Such operation may require that the sTTI band in itself follows the same hopping pattern. Further, to allow a good resource utilisation it would be good to be able to multiplex UEs operating with different sTTI lengths in the same sTTI band. If one UE applies slot based sTTI length and another UE operates with a shorter sTTI bandwidth the resource utilisation becomes more efficient if they can be staked after each other in time. Therefore, it is suggested to not support uplink sTTI transmission across slot-boundary.
Proposal 1 Uplink sTTI transmission is not mapped across slot-boundary.
To simplify the design, it would be good if the general sTTI structure is the same in both slots in a subframe for a given sTTI length, with the exception that SRS may be transmitted in the last OFDM symbol in the second slot. For a given configured sTTI length, the starting and ending positions of the different sTTIs should be the same in the first slot and in the second slot of a subframe.
Proposal 2 Same sTTI design for both slots in a subframe for sPUSCH and sPUCCH, respectively, for a given sTTI length.
The last SC-FDMA symbol of an UL subframe can be used for transmitting SRS. If the last UL sTTI of a subframe has a 2-symbol time duration, and if the first SC-FDMA symbol of this UL sTTI is used for transmitting DMRS, then this UL sTTI can’t be used if SRS is transmitted in this subframe.

Proposal 3 The last UL sTTI in a subframe should have a length of more than 2 SC-FDMA symbols.
It should be noted that even though the sTTI patterns are fixed per sTTI length, the DMRS can still be flexibly placed in each UL sTTI. Through flexible insertion of DMRS, Option 1a can achieve similar level of sPUSCH configuration flexibility as compared to Option 2. Moreover, a fixed sTTI pattern can reduce the signaling overhead, and significantly simplify the control and HARQ design.
Based on the above proposals, we propose to support the Alt 1 of Option 1a: (2, 2, 3, 2, 2, 3) as the fixed sTTI pattern for 2-symbol sTTI transmission in UL.

Proposal 4 Support the fixed sTTI pattern Alt 1: (2, 2, 3, 2, 2, 3) in Option 1a for 2-symbol UL sTTI configuration.
2.1.1 sPUSCH

For sPUSCH a certain TTI length may correspond to different sPUSCH configurations depending on if the DMRS are shared or not [3]. In Figure 2 we show six different examples of configurations for a TTI length of 2/3os, with a fixed sTTI pattern (2, 2, 3, 2, 2, 3). The UL TTI pattern as well as the UL TTI length can be indicated with 2 bits in the UL DCI for sTTI as described with more details in section 2.2.
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Figure 1 Different sPUSCH configurations in an UL subframe for 2-symbol sTTI, where R denotes reference symbol and S denotes SRS position (if scheduled).

2.1.2 sPUCCH

For sPUCCH it has agreed that the TTI length should be the same as for sPUSCH. It is of outmost importance that the coverage of sPUCCH is sufficient. This can be ensured by allowing an adaptation of the sPUCCH length to improve coverage. Also it means that simultaneous transmission of sPUSCH and sPUCCH should be avoided. If a sPUSCH/sPUCCH collision occurs, a similar rule as in 1ms TTI can be applied where the UCI is mapped to sPUSCH and only sPUSCH is transmitted. It may also happen that sPUSCH and sPUCCH are sent in consecutive sTTI. To maintain the single carrier property, no overlap between the consecutive sPUSCH and sPUCCH transmissions should occur. The pattern for sPUCCH should therefore be 2-2-3 in both slots, just as for sPUSCH. The different options of DMRS position for sPUSCH presented in 2.1.1 can be dynamically indicated to the UE so that no sPUCCH/sPUSCH overlap in consecutive sTTI occurs. 

Observation 1 
By using the same TTI pattern for both sPUSCH and sPUCCH the eNB can schedule so that no overlap between sPUSCH and sPUCCH happens.
The sPUCCH pattern is discussed in more detail in companion papers [5] and [6].
2.2 Flexibility of UL sTTI operation and related signalling
In the UL sTTI lengths of 2, 4 and 7 OFDM symbols can be supported. The system-level evaluation from the study item [2] showed that the throughput on system level is larger with sTTI length shorter than slot length. In UL the largest performance gains are observed with 2 OFDM symbols design if dynamic DMRS sharing is applied [3]. With dynamic DMRS sharing, if the same UE is scheduled in two consecutive sTTI no DMRs is inserted in the second sTTI. Overall the improved latency with 2 OFDM symbols TTI results in a higher user throughput if the DMRS overhead can be reduced. It can however be observed in [3] that not all users benefit in the same way from a shorter length and that the benefit varies depending on the traffic load. It appears desirable that eNB can adapt the UL TTI length and the UL DMRS configuration for a UE based on the channel and traffic conditions. It should also be noted that a dynamic change of TTI length for sPUCCH is also desirable considering the sPUCCH performance gap between very short TTI length and longer length [6], especially in case of larger payload that can occur with DL CA. Similar performance gap between 2os TTI and slot TTI can be expected for UCI in PUSCH, which motivates for a dynamic adaptation of the UL TTI length.
Observation 2 
A dynamic adaptation of the UL TTI length and the UL DMRS position is desirable to ensure the best performance in varying channel, configuration, and traffic conditions.
A flexible way of signalling the configuration of a sPUSCH transmission is to add fields in the UL DCI sent in a DL sTTI. To indicate the UL TTI length, a field of 1 or 2 bits can be added depending on the number of supported UL TTI lengths. To indicate the UL DMRS position, a field of 2 bits can be added to allow for the possibility of placing DMRS at the beginning of the UL sTTI, or placing DMRS at the end of the UL sTTI, or not including DMRS at all in the UL sTTI. Note that the latter option is to achieve DMRS sharing with the preceding sTTI, the former two options enable DMRS multiplexing from different UEs. Depending on the chosen DL and UL pattern there can be more UL sTTIs than DL sTTIs in a subframe. This means that certain DL sTTIs would need to contain two UL DCIs. So, an additional field of 1 or 2 bits is needed for the UL sTTI index to enable an unambiguous mapping between the DL sTTI carrying UL DCI and the scheduled UL sTTI. So, overall between 4 to 6 bits are needed in the UL DCI to schedule a particular UL sTTI with a particular configuration of TTI length and DMRS position.
An alternative to reduce the number of bits used for signalling the configuration of a particular UL sTTI is to associate the meaning of the new field with the DL sTTI index where the UL DCI is sent.  Examples are given below.
Proposal 5 The configuration of sPUSCH transmission in terms of UL sTTI index, UL DMRS position and UL TTI length is signalled in the UL DCI transmitted in a DL sTTI. 
Proposal 6 Signalling of sPUSCH transmissions should support DMRS sharing/multiplexing of consecutive sTTIs from one or multiple UEs, at least for 2-symbol sPUSCH transmissions.
In the following, we give an example on how the bit field can be designed so as to allow signalling of many different sPUSCH configurations and different sTTI lengths by using a limited number of bits. The examples below are based on the following assumptions:

1)  The 2os DL sTTI pattern is shown in Figure 2, where the first three OFDM symbols are used for PDCCH.
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Figure 2 Example of a 2-symbol DL sTTI configuration in a subframe with 3 symbols in PDCCH
2) The minimum UL scheduling timing for sPUSCH transmissions is as proposed in [4] 
· N+6 timing for 2os TTI, allowing for 10os processing (5 TTIs)

· N+5 timing for 4os TTI, allowing for 16os processing (4 TTIs)

· N+4 timing for 7os TTI, allowing for 21os processing (3 TTIs).
3) The 2os UL sTTI patterns that are targeted by the new field for UL DCI configuration are shown in Figure 1.
In the following, we show that a field of 2 bits in the UL fast DCI together with the DL sTTI index can be used for indicating simulatenously the UL sTTI index, UL DMRS position and UL TTI length. This bit field could be used as shown in Figure 3 to achieve 2/3os UL patterns depicted in Figure 1 and agreed patterns for 4os and 7os UL patterns as well. In this example, both sPDCCH and PDCCH are used for sending UL DCI. 
In the example of Figure 3, the DL sTTI 0 can schedule UL sTTI of length 2os with different DMRS placement with the bit combination 00 and 01. It can also schedule UL sTTI of length 3os with the bit combination 10. 
The DL sTTI 1 can schedule UL sTTI of length 2os with different DMRS placement with the bit combination 01 and 10.  It can also schedule UL sTTI of length 3os with the bit combination 00. And so on. The bit combination 11 is not defined for UL DCI send in DL sTTI 0 and 2, they can be treated as reserved combinations and can be used if more patterns needs to be supported.
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Figure 3  Example of the mapping between the bit field of a fast UL DCI send from a DL sTTI and the configuration of the scheduled sPUSCH.
Figure 4 illustrates how to configure six 2os sPUSCH transmissions within a subframe with DMRS multiplexing (the top left configuration shown in Figure 1), by using the UL fast DCI bit field mapping proposed in Figure 3. The arrows in Figure 4 indicate from which DL sTTI an UL sTTI is scheduled. The number(s) in the boxes below each DL sTTI is the value of the bit field used in the UL fast DCI(s) transmitted in a particular DL sTTI for signalling a particular sPUSCH transmission. 
For example, in Figure 4,  two UL fast DCIs are transmitted from DL sTTI index 0 with the bit field values set to 0 and 2, respectively. Then, based on the bit field mapping rule shown in Figure 3, these two UL fast DCI will signal two sPUSCH transmissions, i.e., UL sTTI 0 and UL sTTI 1 in Figure 5. Similarly, an UL fast DCI with a bit field value of 0 transmitted from DL sTTI index 2 will signal an sPUSCH transmission in UL sTTI 2 shown in Figure 4.
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Figure 4 Example of signalling six 2-symbol sTTI configurations in a subframe with DMRS multiplexing, based on the UL fast DCI bit field mapping designed in Figure 3
Different sPUSCH configurations can be dynamically configured by using a different combination of the UL fast DCIs transmitted from different DL sTTIs. Figure 5 illustrates an example of configuring six 2/3os sPUSCH transmissions within a subframe without DMRS multiplexing/sharing. It is also possible to support DMRS sharing of consecutive sTTIs as shown in Figure 6, where the DMRS is not transmitted in the second sTTI and/or the third sTTI of each slot.
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Figure 5 Example of signalling six 2/3-symbol sTTI configurations in a subframe without DMRS multiplexing/sharing, based on the UL fast DCI bit field mapping designed in Figure 3
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Figure 6 Example of signalling six 2/3-symbol sTTI configurations in a subframe with DMRS sharing, based on the UL fast DCI bit field mapping designed in Figure 3
With the UL fast DCI bit field mapping proposed in Figure 3 a user can also be scheduled with only 7-symbol sPUSCH in a subframe or with only 4-symbol sPUSCH. It is also possible to support dynamic switching between different sTTI lengths within a subframe as illustrated in Figure 7.
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Figure 7 Dynamic switching between 2os and 4os sPUSCH transmissions within a subframe, based on the UL fast DCI bit field mapping designed in Figure 3
Observation 3
A field of two bits in the UL fast DCI is sufficient to signal the sPUSCH configuration. 
Proposal 7 A joint field for indicating the scheduled UL TTI configuration in terms of UL DMRS symbol position, UL data symbol position(s), and UL TTI length is included in the UL DCI

3 Conclusion

In section 2 we made the following observations:
Observation 1 
By using the same TTI pattern for both sPUSCH and sPUCCH the eNB can schedule so that no simultaneous sPUSCH/sPUCCH is needed.
Observation 2 
A dynamic adaptation of the UL TTI length and the UL DMRS position is desirable to ensure the best performance in varying channel, configuration, and traffic conditions.
Observation 3
If only sTTI lengths of 2 and 7 symbols are supported for sPUSCH, a field of two bits in the UL fast DCI is sufficient to signal the sPUSCH configuration. 
Based on the discussion in section 2 we propose the following:
Proposal 8 Uplink sTTI transmission is not mapped across slot-boundary.
Proposal 9 Same sTTI design for both slots in a subframe for sPUSCH and sPUCCH, respectively, for a given sTTI length.
Proposal 10 The last UL sTTI in a subframe should have a length of more than 2 SC-FDMA symbols.
Proposal 11 Support the fixed sTTI pattern Alt 1: (2, 2, 3, 2, 2, 3) in Option 1a for 2-symbol UL sTTI configuration.
Proposal 12 The configuration of sPUSCH transmission in terms of UL sTTI index, UL DMRS position and UL TTI length is signalled in the UL DCI transmitted in a DL sTTI. 

Proposal 13 Signalling of sPUSCH transmissions should support DMRS sharing/multiplexing of consecutive sTTIs from one or multiple UEs, at least for 2-symbol sPUSCH transmissions.
Proposal 14 A joint field for indicating the scheduled UL TTI configuration in terms of UL DMRS symbol position, UL data symbol position(s), and UL TTI length is included in the UL DCI
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