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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#88, it has been agreed that for 2-OS sTTI, the UL sTTI pattern for sPUSCH is (3,2,2,2,2,3).
In this contribution, we discuss how to configure the UL DMRS positions for 2os TTI transmissions. 
2 Discussion
2.1 sPUSCH configurations with 2os TTI

For sPUSCH with 2os TTI length, different DMRS positions correspond to different sPUSCH configurations depending on if the DMRS are shared/multiplexed or not. In Figure 1, we show six different examples of configurations for a TTI length of 2/3os with a fixed sTTI pattern (3, 2, 2, 2, 2, 3). The DMRS position can be indicated with 2 bits in the UL DCI for sTTI as described with more details in section 2.2.
From the right bottom diagram shown in Figure 1, we see that in order to be able to support 2 data symbols for sTTI 3, i.e. the first sTTI in the second slot, and at the same time, to not break the slot boundary condition, the DMRS for this sTTI transmission has to be placed after the sTTI.

Observation 1 
For 2-symbol UL sTTI, the DMRS can be positioned after the associated sTTI in order to support 2 data symbols for the first sTTI in the second slot of a subframe.
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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).

2.2 Flexibility of UL sTTI operation and related signalling
For the DMRS sharing case, the same UE is scheduled in consecutive UL sTTIs and the DMRS is transmitted only in the first UL sTTI. If the UE misses the sDCI for the first UL sTTI, it will not transmit the DMRS symbol, which will be used for estimating the channels of the following UL sTTI transmissions. In that case, the eNB cannot detect the following sTTI transmissions neither. One effective solution for solving this first sDCI misdetection issue is to have the DMRS position always indicated in each UL sDCI, even though the DMRS position is not within the UL sTTI. By doing so, in case the UL grant for the first UL sTTI is missed, the UE can still get the DMRS position information from the next detected UL sDCI, and then transmit the DMRS, so the data transmission in the following UL sTTIs can still be decoded by the eNB. It should be pointed out that if the first UL DCI is detected successfully by the UE, then by receiving the second UL sDCI (which contains the position indication for the DMRS symbol), the UE will only perform data transmission in the second scheduled UL sTTI, and no DMRS transmission is needed.
Proposal 1 Always indicate the DMRS position associated for the scheduled UL sTTI transmission in the UL sDCI.
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 DMRS position, a field of 3 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, not including DMRS at all in the UL sTTI, placing it at the end of the previous sTTI, placing it at the beginning of the previous sTTI, or placing it in sTTI before the previous sTTI. 

An alternative to reduce the number of bits used for signalling the configuration of a particular UL sTTI is to associate a DL sTTI with an UL sTTI and define the possible UL DMRS positions that the UL DCI in this DL sTTI can allow.  Examples are given below.
Proposal 2 There is a one to one mapping between the index of a scheduled UL sTTI and the index of the DL sTTI carrying the UL DCI with the UL DMRS position signalling 
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 [3]
· N+6 timing for 2os TTI, allowing for 10os processing (5 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.
4)  A one-to-one mapping between a DL sTTI index and an UL sTTI index.

a. the UL sDCI scheduling sPUSCH in sTT N+x is transmitted in sTTI N, with x=6 for 2os sTTI and x=4 for 7os sTTI
In the following, we show that a field of 2 bits in the UL sDCI 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 7os UL pattern as well. In this example, both sPDCCH and PDCCH are used for sending UL sDCI. 
In the example of Figure 3, we see that for a fixed UL sTTI length, there is a one-to-one mapping between a DL sTTI where the sDCI is transmitted and an UL sTTI to which the sDCI applies. For example, for the 2os UL sTTI case, the sDCI sent in DL sTTI 0 of a subframe schedules the UL sTTI 0 in the next subframe. The sDCI sent in DL sTTI 1 of a subframe schedules the UL sTTI 1 of the next subframe. And so on. For the 7os UL sTTI case, the sDCI:s send in DL sTTI 0 and DL sTTI 3 of a subframe n, schedule the first slot and the second slot of subframe n+2, respectively. 
Different DMRS placement, i.e., the symbol index of the associated DMRS for the scheduled UL sTTI are indicated by using different bit combinations in the sDCI (i.e., 00, 01, 10 and 11). The bit combination 11 is not defined for UL sDCI send in DL sTTI 0 and 5, they can be treated as reserved combinations and can be used if more patterns need to be supported.

Note that the same minimum scheduling timing is assumed for an UL sTTI regardless of its associated DMRS positions. In the DMRS sharing case, the indicated DMRS position is transmitted before the scheduled UL sTTI. This implies a tight processing time for preparing the DMRS transmission, if DMRS needs to be transmitted.  However, considering that preparing for a DMRS transmission is not complicated, and this DMRS transmission only happens when the UE fails to detect the sDCI for the first UL sTTI transmission. It is ok to assume a fixed scheduling time for an UL transmission with a fixed TTI length.
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Figure 3  Example of the mapping between the bit field of an UL sDCI send from a DL sTTI and the configuration of the scheduled sPUSCH. In case of DMRS sharing, the position of the shared DMRS for the sTTI transmission is also indicated.
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. 
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Figure 4 Example of signalling six 2-symbol sTTI configurations in a subframe with DMRS multiplexing, based on the UL sDCI 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 sDCI 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
Observation 2
A field of two bits in the UL fast DCI is sufficient to signal the sPUSCH configuration. 
Proposal 3 A field of 2 bits is included in the UL DCI for indicating the scheduled UL TTI configuration in terms of UL DMRS symbol position and UL data symbol position(s).
3 Conclusion

In section 2 we made the following observations:
Observation 1 
For 2-symbol UL sTTI, the DMRS can be positioned after the associated sTTI in order to support 2 data symbols for the first sTTI in the second slot of a subframe.

Observation 2
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 4 Always indicate the DMRS position associated for the scheduled UL sTTI transmission in the UL sDCI.
Proposal 5 There is a one to one mapping between the index of a scheduled UL sTTI and the index of the DL sTTI carrying the UL DCI with the UL DMRS position signalling 
Proposal 6 A field of 2 bits is included in the UL DCI for indicating the scheduled UL TTI configuration in terms of UL DMRS symbol position and UL data symbol position(s).
4 References

[1] RP-170113, Revised Work Item on shortened TTI and processing time for LTE, Ericsson, RAN#75, March 2017
[2] TR 36.881,
Study on latency reduction techniques for LTE.
[3] R1-1706092,
On maximum TA and reduced processing time, Ericsson, 3GPP TSG RAN WG1 Meeting #88bis.


6/6


