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1
Introduction
During RAN1#87, following proposals related to sPUSCH layout for 2-symbol sTTI have been made in [1].
Agreement:
· For 2-OS sTTI, down-select the UL sTTI pattern for sPUSCH between (2,2,3,2,2,3) and (3,2,2,2,2,3)
· The data symbol(s) for a sPUSCH are confined within a sTTI
· if sPUSCH is transmitted, the number of symbols available for data transmission within a sTTI can be 
· 1 or 2 for a sTTI with 2 symbols
· FFS: 1 or 2 or 3 for a sTTI with 3 symbols 
· The presence (if any) and the position of the UL DMRS is given or determined by the UL grant, 
· The UL DMRS can be positioned before or within the associated sTTI 
· FFS: The UL DMRS can be positioned after the associated sTTI
In this contribution, we discuss our preferred UL sTTI layout for sPUSCH and provide details for related DMRS signaling. 
2
Discussion on 2-OS sPUSCH structure
In this section, we provide our preference for the 2-OS sPUSCH layout. During RAN1#87, the 2-OS downlink sTTI layout has been agreed in [2]. Based on the length of PDCCH region, two possible downlink sTTI layouts have been agreed including layouts {3,2,2,2,2,3} and {2,3,2,2,2,3}. 
As agreed in [1], the sPUSCH layout needs to be chosen between {2,2,3,2,2,3} and {3,2,2,2,2,3}. In order to select one of these, the minimum actual processing delays, counted in OSs, corresponding to a nominal processing delay, counted in sTTIs, should be compared for the two structures. Figure 1 shows the mapping between the uplink grant transmitted on PDCCH/sPDCCH for 2-OS DL sTTI layout {3,2,2,2,2,3} and scheduling sPUSCH layouts {2,2,3,2,2,3} and {3,2,2,2,2,3} with N+6 timing. As can be seen in the figure, when {2,2,3,2,2,3} sPUSCH layout is used, the processing delay with sTTI 1 and sTTI 2 is 13 OS instead of 14 OS for the other sTTIs. On the other hand, the {3,2,2,2,2,3} sPUSCH layout is perfectly mapped with the corresponding uplink grant and there is a processing delay of 14 OS for all sTTIs. Similarly, the processing delay in terms of OS can be calculated for the other combinations of DL sTTI and sPUSCH sTTI with both N+6 and N+4 timing. Table 1 shows the calculated processing delay for each sTTI. The table shows that when sPUSCH layout {2,2,3,2,2,3} is used, the processing delay in terms of OS is not the same for all sTTIs but the processing delay available for certain sTTIs is reduced and hence less time is available for decoding the uplink grant. On the other hand, when sPUSCH layout {3,2,2,2,2,3} is used, the processing delay is constant in most of the cases except for N+4 timing with DL sTTI layout {2,3,2,2,2,3}. Since the UL layout {3,2,2,2,2,3} results in longer minimum   processing time with both N+4 and N+6 timing, and with any value of PCFICH, we see this as the preferred option for UL sTTI layout. 
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sTTI DL Structure 

{3,2,2,2,2,3}

sPUSCH Structure 

{2,2,3,2,2,3}

Different processing time

(13 OS instead of 14)


(a) sTTI DL layout {3,2,2,2,2,3} and sPUSCH layout {2,2,3,2,2,3}
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sTTI DL Structure 

{3,2,2,2,2,3}

sPUSCH Structure 

{3,2,2,2,2,3}


(b) sTTI DL layout {3,2,2,2,2,3} and sPUSCH layout {3,2,2,2,2,3}

Figure 1: Mapping of UL grant with N+6 timing for sTTI DL layout {3,2,2,2,2,3}
	UL      sTTI layout
	Processing Delay in terms of OS with DL sTTI layout {2,3,2,2,2,3}

	
	UL sTTI 0
	UL sTTI 1
	UL sTTI 2
	UL sTTI 3
	UL sTTI 4
	UL sTTI 5

	N+4 timing

	{2,2,3,2,2,3}
	9
	9
	8
	9
	9
	9

	{3,2,2,2,2,3}
	9
	9
	10
	9
	9
	9

	N+6 timing

	{2,2,3,2,2,3}
	14
	14
	13
	14
	14
	14

	{3,2,2,2,2,3}
	14
	14
	14
	14
	14
	14

	UL      sTTI layout
	Processing Delay in terms of OS with DL sTTI layout {3,2,2,2,2,3}

	
	UL sTTI 0
	UL sTTI 1
	UL sTTI 2
	UL sTTI 3
	UL sTTI 4
	UL sTTI 5

	N+4 timing

	{2,2,3,2,2,3}
	9
	8
	8
	9
	9
	9

	{3,2,2,2,2,3}
	9
	9
	9
	9
	9
	9

	N+6 timing

	{2,2,3,2,2,3}
	14
	13
	13
	14
	14
	14

	{3,2,2,2,2,3}
	14
	14
	14
	14
	14
	14


Table 1: Processing delay with different sTTI layout
Observation 1: When sPUSCH layout {2,2,3,2,2,3} is used with the agreed DL sTTI structures, the processing delay in terms of OS varies significantly from one UL sTTIs to another and also the minimum processing delay for {2,2,3,2,2,3} is tighter by 1OS compared to {3,2,2,2,2,3}.
Observation 2: When sPUSCH layout {3,2,2,2,2,3} is used with the agreed DL sTTI layouts, the processing delay in terms of OS is constant for almost all the cases, except for N+4 timing and DL sTTI layout {2,3,2,2,2,3}, for which the processing delay is increased by one OS.

Proposal 1: sPUSCH layout {3,2,2,2,2,3} should be down-selected as the sPUSCH laytout.
3
Details on 2-OS sPUSCH DMRS configuration
3.1.


Design principles for signaling flexible DMRS

3.1.1

UL DMRS overhead
The basic requirement for DMRS design is to get reliable channel estimates while maintaining reasonable overhead for different scenarios that will need to be supported in sTTI operation. For TTI length shorter than 1-slot, multiplexing of DMRS from multiple sTTIs allows reduction in overhead by reducing the density of DMRS in time and / or frequency and possibly improving the overall throughput. However, the position and the density of DMRS in time should be flexible depending upon the mobility of the user allowing balancing between DMRS overhead and sufficient tracking of time varying channel. Additionally, coverage is also an important issue and there should be a possibility to increase DMRS overhead for better coverage to cell-edge users.
Proposal 2: For an UL sTTI operation, provide signaling support to dynamically configure DMRS position and/or overhead according to mobility and coverage conditions. 
3.1.2.

Signaling overhead
In general, the reduction in the TTI length from 14 OFDMA / SC-FDMA symbols down to e.g. two symbols will likely also increase the associated control signaling overhead especially for DL/PDCCH, as DL assignments and UL grants need to be given for each sTTI. In addition, dynamic indication to enable flexible DMRS structure for UL sTTI operation would further increase the signaling overhead. Therefore, efficient signaling mechanism is needed to satisfy aforementioned requirements, while at the same time maintaining low signaling overhead. This aspect related to signaling for flexible DMRS is dealt with the proposed framework in section 3.2.
Observation 3: Downlink control signaling overhead should also be considered while designing framework to enable flexible DMRS transmission in UL sTTI operation.

3.2.
Flexible DMRS signaling framework with single-sTTI UL grant

In this signaling approach, an UL grant can provide an indication to transmit data with:

· DMRS in the same sTTI along with data

· DMRS in the previous sTTIs

· DMRS in the following sTTIs

This would enable fully flexible DM-RS configuration based on dynamic signaling that allows the eNB to adjust the amount of overhead according to the needs of UE and/or eNodeB. As an example, for scheduling sPUSCH structure {3,2,2,2,2,3}, a two-bit or a three-bit field can be defined to allow for indication of different combinations between the number of DMRS symbols, number of data symbols and the position of DMRS symbols with respect to data. Figure 2 shows a few combinations of UL data and reference signal symbols. Symbol 0 shows the nominal starting point for a given sTTI. Based on these formats, different configurations are possible for the sPUSCH sTTI structure within a legacy subframe. It also provides the flexibility to schedule more than one user within a slot, where the DMRS for multiple users are multiplexed on the same symbol. The formats can further be down selected to have an optimal trade-off between the signaling overhead and the transmission flexibility, and e.g. depending on whether RAN4 sees issues with demodulation in case DMRS and sPUSCH data symbols are non-adjacent [3], [4].
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Figure 2. Examples of dynamically indicated PUSCH data and DMRS locations for 2-OS and 3-OS sTTI.
Proposal 3: For 2-OS sPUSCH transmission, the DCI contains an indication to schedule a single sPUSCH with flexible DMRS configuration by selecting one of the different combinations between the number and the location of DMRS symbols, number of data symbols and delay with respect to nominal starting point.

3.3

Semi-flexible DMRS signaling 

As an alternative for the dynamic DMRS indication described in Section 3.2, one could also consider a semi-flexible solution that helps to reduce the overhead associated with different DMRS configurations. This option is based on following principles:
· Explicit signaling for the overall DMRS configuration within a subframe: As there will only be one 2-OS sPUSCH structure that is going to be agreed in the upcoming meeting(s), the main issue remaining will be the number of DMRS symbols in a given subframe and the position of those symbols. For this purpose, a limited number of DMRS configurations for all the sTTIs can be pre-defined and then those configuration can be signaled via RRC signaling or a single uplink grant associated with the first PDCCH/sPDCCH. 
· Implicit signaling for the specific DMRS configuration for each sPUSCH: Once the overall DMRS configuration is set based on the explicit signaling, then the individual configuration can be implicitly known through the sTTI index number within a subframe. Depending on which sTTI is scheduled, the UE will also transmit the DMRS in the same or possibly adjacent sTTI.
As an example, Figure 3 shows the four possible configurations with sPUSCH layout {3,2,2,2,2,3}. These four configurations can be explicitly signaled using either dynamic signaling or RRC configuration. More options can be added if additional bits are used. It should be noted that this solution is different from the multi-sTTI UL grant framework discussed in next section. In contrast to multi-sTTI UL grant, only the DMRS configuration is signaled and the actual user scheduling is done individually for each sPUSCH via associated UL sTTI grant from each PDCCH/sPDCCH.
Proposal 4: A semi-flexible DMRS signaling could be considered as an option in which the DMRS position is determined by the index of the sTTI where the UL grant has been transmitted and a signaled index to a pre-configured pattern.
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Figure 3: Example of overall DMRS configurations for 2-OS sPUSCH layout {3,2,2,2,2,3}

3.4.

Signaling framework with multi-sTTI UL grant

According to the studies carried out during the Study Item, it was observed that shorter TTIs and processing times improve data throughput significantly. However, reduction in the TTI length from 14 OFDMA / SC-FDMA symbols down to e.g. two symbols will likely also increase the associated control signaling overhead especially for DL / (s)PDCCH, as DL assignments and UL grants need to be given for each sTTI. 

Considering the sTTI UL operation in particular, in addition to DCI overhead, another issue with sTTI operation relates to the availability of UL demodulation Reference Signals. In principle, each sTTI needs to be associated with DMRS to allow for the sTTI to be received and demodulated correctly. However, in the case of 2-symbol sTTI, the DMRS overhead could easily become overwhelming (with 2 data symbols and 1 DMRS, the overhead would be 50%). The flexible UL sTTI signaling framework described in Section 3.2.1 helps in this respect, but may create a reliability issue: e.g. in the case when the UE misses the sTTI UL grant indicating DMRS transmission, the eNB would fail to decode also consecutive UL sTTI that have been transmitted without DMRS. This is the case especially if transmission of PUSCH data in an sTTI is supported without DMRS adjacent to it. 
One promising way to reduce DCI as well as UL DMRS overhead and to avoid reliability issues is to allow for scheduling multiple sTTIs using a single DCI UL grant. We note that a bit similar approach – although on a per subframe level –has been adopted to FS3 uplink, where multi-subframe scheduling is supported with a possibility to grant up to 4 subframes at once. Similar approach makes sense also with short TTIs, as the case when a single UE receives UL grants for multiple consecutive UL sTTIs is expected to occur rather often, e.g. when a UE has a relatively large amount of data in the buffer. As an example, the multi-sTTI UL grant could consist of several fields including:
1. Number of UL sTTIs to be scheduled

2. DMRS configuration for the entire set of scheduled sTTIs

3. Delay (i.e. the starting sTTI) with respect to nominal processing time

The length of the fields can depend upon the extent of respective desired flexibility. 

Proposal 5: For 2-OS sPUSCH transmission, multi-sTTI UL grant should be considered to dynamically configure DMRS and to maintain optimal DL control signaling overhead.
4
Summary
In this section, we summarize the observations and proposals made in this contribution:
Observation 1: When sPUSCH layout {2,2,3,2,2,3} is used with the agreed DL sTTI structures, the processing delay in terms of OS varies significantly from one UL sTTIs to another and also the minimum processing delay for {2,2,3,2,2,3} is tighter by 1OS compared to {3,2,2,2,2,3}.

Observation 2: When sPUSCH layout {3,2,2,2,2,3} is used with the agreed DL sTTI layouts, the processing delay in terms of OS is constant for almost all the cases, except for N+4 timing and DL sTTI layout {2,3,2,2,2,3}, for which the processing delay is increased by one OS.
Observation 3: Downlink control signaling overhead should also be considered while designing framework to enable flexible DMRS transmission in UL sTTI operation.

Proposal 1: sPUSCH layout {3,2,2,2,2,3} should be down-selected as the sPUSCH laytout.
Proposal 2: For an UL sTTI operation, provide signaling support to dynamically configure DMRS position and/or overhead according to mobility and coverage conditions. 
Proposal 3: For 2-OS sPUSCH transmission, the DCI contains an indication to schedule a single sPUSCH with flexible DMRS configuration by selecting one of the different combinations between the number and the location of DMRS symbols, number of data symbols and delay with respect to nominal starting point.

Proposal 4: A semi-flexible DMRS signaling could be considered as an option in which the DMRS position is determined by the index of the sTTI where the UL grant has been transmitted and a signaled index to a pre-configured pattern.

Proposal 5: For 2-OS sPUSCH transmission, multi-sTTI UL grant should be considered to dynamically configure DMRS and to maintain optimal DL control signaling overhead.
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