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[bookmark: _Ref481056763]Introduction
[bookmark: _Ref178064866]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 RAN1 #88bits, the following agreements on UL DMRS positions for 2os sTTI has been made:
· For 2/3-symbol sPUSCH transmission, at least the following configurations are supported and one of the configurations for sTTI#n+x is indicated by the UL grant at sTTI#n, if the scheduled sTTI#n+x includes both data and the associated RS, where x is processing time
· sTTI#n+x = sTTI#0: {R D D}, FFS: {D D R}, FFS: {D R D}
· sTTI#n+x = sTTI#1,2,3,4: {R D}, FFS: {D R}
· sTTI#n+x = sTTI#5: {R D D}, FFS: {D R D}
· FFS if data in the last symbol can be transmitted in cell specific SRS subframes
· Other configurations are not precluded
· FFS for the case where data and associated RS are in different sTTIs

In this contribution, we discuss how to configure the UL DMRS positions for 2os TTI transmissions. 
Discussion
Signalling design principles
A flexible way of indicating the uplink scheduling timing for an sPUSCH transmission is to introduce a delay-offset field in the UL sDCI sent in a DL sTTI, that is, an sDCI sent in a DL sTTI index n is valid for the UL sTTI index n+k+Δl, where value of k is per the minimum scheduling timing, and the value of Δl is derived from the delay-offset filed in the UL sDCI. Note that this delay-offset Δl will introduce extra latency for the scheduled sPUSCH transmission. Moreover, allowing for multiple sDCI(s) sent from the same DL sTTI implies that the UE should attempt to detect more than 1 UL grants in a DL sTTI, therefore, the UE cannot stop searching sDCI after having found one UL grant in a DL sTTI.

To reduce the signalling overhead, extra delays, and the UE complexity, an alternative to indicate the uplink scheduling timing is to associate each UL sTTI with a DL sTTI. 

[bookmark: _Toc481061380][bookmark: _Toc481061482][bookmark: _Toc481061615][bookmark: _Toc481507479][bookmark: _Toc481752227][bookmark: _Toc481755448]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 sDCI with the UL DMRS position signalling.

According to the agreements, in case different UEs are scheduled in consecutive short TTIs, DMRS multiplexing and DMRS sharing can be used to reduce the RS overhead.  For DMRS multiplexing, the DMRS sequences of different UEs are multiplexing onto the same SC-FDMA symbol, while the data payloads of different UEs are transmitted in different SC-FDMA symbols. This implies that, for at least one UE, its data and associated DMRS will be placed in different sTTIs. Figure 1 gives different sPUSCH configurations for two UEs with DMRS multiplexing, assuming that UE1 is scheduled on sTTI 1 and UE2 is scheduled on sTTI 2. The configurations shown in Figure 1 can also be used for DMRS sharing, assuming sTTI 1 and sTTI 2 are scheduled for the same UE. In case of DMRS sharing, the DMRS sequences will be the same for both sTTIs. 
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Figure 1 Examples of UL DMRS multiplexing or UL DMRS sharing with 2os UL sTTI transmissions (sTTI boundary between sTTI1 and sTTI 2 is after OS 4)
Non-contiguous DMRS and data symbols
In case of DMRS multiplexing with option 1 in Figure 1, the first symbol of sTTI 1 is used for transmitting DMRS sequences for both UEs. This DMRS position is optimal in terms of reducing latency for UE1. However, this configuration leads to non-contiguous DMRS and data symbols for UE2’s sPUSCH transmission. Non-contiguous DMRS and data symbols for an uplink sTTI transmission should be avoided since: 1) it requires the UE to keep PLL on for phase tracking, which implies more energy consumption at the UE side, and potentially more signalling overhead for indicating PLL on. 2) it will lead to higher interference caused by transient periods of both R and D. 3) it can result in channel estimation performance degradation if the distance between R and D is larger than the channel coherence time. So, option 1 should not be supported for DMRS multiplexing configuration.

[bookmark: _Toc481755449]Do not support non-contiguous DMRS and data symbols configuration for DMRS multiplexing.

UL DMRS before the sTTI with data symbols
For both option 1 and option 2 in Figure 1, the associated DMRS for sTTI 2 is transmitted before the sTTI. Recall that, to reduce the signalling overhead, it is preferred to have a one-to-one mapping between a scheduled UL sTTI and the index of the DL sTTI carrying the associated sDCI. Then, option 2 in  Figure 1 requires that an sDCI for scheduling a certain uplink sTTI (sTTI 2) can also configure the previous sTTI (the last symbol in sTTI 1).  Sending an UL grant affecting an UL sTTI that is normally scheduled by an earlier grant can cause some issues. 
· The UE has less processing time to decode the UL grant and prepare/perform the UL DMRS transmission (although it is expected to be much simpler than preparing the UL data transmission).
· In case of DMRS sharing, the eNB may send incompatible information for the first sTTI in two different UL grants, which will confuse a UE which has already started preparing the transmission of the first sTTI and has less time to react to the latest received UL grant.  

To avoid these issues separate grants for DMRS and data can be sent instead in case they are placed in different sTTIs. However, this leads to more control signalling overhead, and it increases blind decodes complexity at the UE since more than one UL grant can be expected in each DL sTTI. If the DCI for scheduling an UL DMRS alone has a different payload size than the DCI for UL data Tx, the number of blind decodes per sTTI is doubled.  Separate grants for UL DMRS and UL data also decrease reliability of the UL data transmission since two UL grants need to be received correctly for the UL data Tx to be decodable.  If the UL DMRS grant is missed, the UL data Tx cannot be decoded and will create unnecessary uplink interference. In fact, if UE receives an UL data grant with data symbols only while it hasn’t received any information regarding the DMRS placement before, the UE should not perform the data transmission to avoid creating unnecessary interference in UL. 
[bookmark: _Toc481755444]Separate grants for DMRS and data results in reliability issue and unnecessary uplink interference in case one of the grant is missed. It can also increase the signalling overhead and the processing complexity at the eNB. 
[bookmark: _Toc481755450]To improve the reliability for uplink sTTI transmissions with DMRS sharing, it is recommended to not support separate grants for DMRS and data symbols for uplink short TTI scheduling.
UL DMRS after the sTTI with data symbols
To avoid the issue of a later UL grant overriding decisions made in an earlier UL grant, option 3 in Figure 1 can be considered for both DMRS multiplexing and sharing. In option 3, the shared or multiplexed DMRS sequence is transmitted in the first SC-FDMA symbol of the second sTTI. Here too, the eNB has to make sure compatible information is sent in the two different UL grants. But the difference with option 2 is that here the potential incompatibility affects the second sTTI and not the first sTTI. The UE has thus time to follow instructions received in the second grant that only affects the second i.e. later sTTI. This solution doesn’t introduce the other issues mentioned above, i.e., reliability in case the UE misses one grant, the unnecessary interference issue. The drawback for this configuration is, however, that the eNB cannot start decoding the data transmitted in sTTI 1 until it received the DMRS. Weighting drawbacks and benefits, option 3 in Figure 1 is the most suitable option for achieving DMRS multiplexing.
[bookmark: _Toc481755451]In case of DMRS multiplexing between two consecutive sTTIs, the DMRS is placed in the first symbol of the second sTTI.

Signalling of UL DMRS positions for 2os sTTI

In the following, we give an example on how to use 1 bit to signal many different sPUSCH configurations. 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.

[image: ]
Figure 2 Example of a 2-symbol DL sTTI configuration in a subframe with 3 symbols in PDCCH
2) Both sPDCCH and PDCCH are used for sending UL sDCI.
3) The minimum UL scheduling timing for sPUSCH transmissions is n+6 [3]. Note that even thought the example is based on n+6 timing, the signalling method can be used for n+4 timing as well.

4) The 2os UL sTTI patterns that are targeted by the new field for UL DCI configuration are shown in Figure 3.

5)  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
[bookmark: _Ref450049252]
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[bookmark: _Ref465347448][bookmark: _Ref472686969]Figure 3 Different sPUSCH configurations in an UL subframe for 2-symbol sTTI, where R denotes reference symbol and S denotes SRS position (if scheduled). 

DMRS placement signaling with a single bit
In the following, we show that a field of 1 bit in the UL sDCI together with the index of the DL sTTI carring the sDCI can be used for indicating the UL DMRS position. This bit field could be used as shown in Figure 4 to achieve 2/3os UL patterns depicted in Figure 3. 
In the example of Figure 4, we see that for 2os sTTI, 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, 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. 
Different DMRS placement, i.e., the symbol index of the associated DMRS for the scheduled UL sTTI, are indicated by using different bit values in the sDCI (i.e., 0 and 1). The pattern for UL sTTI 2 corresponding to the bit value 1 in the sDCI sent in DL sTTI 2 is for DMRS multiplexing/sharing if across the slot border is allowed. Otherwise, this bit value can be treated as reserved and can be used if more patterns need to be supported.
[bookmark: _Toc481061481][bookmark: _Toc481062181][bookmark: _Toc481507472][bookmark: _Toc481752224][bookmark: _Toc481755445]A field of 1 bit in the UL sDCI is sufficient to signal the sPUSCH configuration. 
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[bookmark: _Ref465347758][bookmark: _Ref450649380]Figure 4  Example of the mapping between the 1-bit field of an UL sDCI send from a DL sTTI and the configuration of the scheduled sPUSCH. In case of DMRS sharing/multiplexing, the position of the shared DMRS is placed at the first symbol of the second sTTI.
Figure 5 illustrates how to configure six 2os sPUSCH transmissions within a subframe with DMRS multiplexing (the middle left configuration shown in Figure 3), by using the UL fast DCI bit field mapping proposed in Figure 4. The arrows in Figure 5 indicate from which DL sTTI an UL sTTI is scheduled. The number in the boxes below each DL sTTI is the value of the bit field used in the UL sDCI transmitted in a particular DL sTTI for signalling a particular sPUSCH transmission. The same signalling can be used for the configuration for DMRS sharing, shown in the bottom left plot in Figure 3, if the sTTI 1 and 2 are scheduled to the same UE, and the sTTI 3 and 4 are scheduled to the same UE as well. 
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[bookmark: _Ref450649398][bookmark: _Ref465365452]Figure 5 Example of signalling six 2-symbol sTTI configurations in a subframe with DMRS multiplexing/sharing, based on the UL sDCI bit field mapping designed in Figure 4
DMRS placement signaling with two bits
The signalling method shown in Figure 4 cannot support DMRS sharing for more than two consecutive uplink sTTIs. To support more configurations for DMRS sharing, a two-bit field can be introduced in the UL sDCI, as shown in Figure 6. The signalling method defined in Figure 6 supports all 2/3os UL patterns depicted in Figure 3. In addition, it is possible to reduce DMRS overhead down to 1 DMRS per slot by supporting DMRS sharing for three consecutive sTTIs, as shown in Figure 7.  
In some of the signaling cases in Figure 6 the DMRS position is not signalled in the UL sDCI. This decreases the reliability of the UL data transmission with DMRS sharing, in case the UE misses the first grant which carries the DMRS position information. But the reliability issue only occurs for some of the signaling cases in Figure 6. In others, DMRS sharing and multiplexing can be supported without the reliability issue.
[bookmark: _Toc481507473][bookmark: _Toc481752225][bookmark: _Toc481755446]A field of 2 bit in the UL sDCI can support more 2/3os patterns for DMRS sharing. 
[bookmark: _Toc481507485][bookmark: _Toc481752233][bookmark: _Toc481755452]If only 1 bit is used for DMRS position indicating, use the signalling method shown in Figure 4. If two bits can be used for DMRs position indicating, use the signalling method shown in Figure 6.
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[bookmark: _Ref481498327]Figure 6 Example of the mapping between the 2-bit field of an UL sDCI sent from a DL sTTI and the configuration of the scheduled sPUSCH. In case of DMRS sharing/multiplexing, the position of the shared DMRS is placed at the first symbol of the second sTTI.
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[bookmark: _Ref481499101]Figure 7 Example of signalling six 2-symbol sTTI configurations in a subframe with DMRS sharing, based on the UL sDCI bit field mapping designed in Figure 6
DMRS sharing by means of multi-sTTI scheduling
Another way to support more than two consecutive uplink sTTIs for DMRS sharing is to consider multi-sTTI scheduling grant. The benefit of using multi-sTTI scheduling for DMRS sharing is that more flexibility can be supported for the DMRS configuration. In addition, it will not introduce reliability issue compared to the approach of using separate grants for DMRS and data, and the signalling method shown in Figure 6. The drawback is that it introduces extra delays for the following scheduled sTTIs, e.g., the second sTTI and the third sTTI, since the grant is sent based on the minimum scheduling timing for the first scheduled sTTI.
[bookmark: _Toc481062182][bookmark: _Toc481507474][bookmark: _Toc481752226][bookmark: _Toc481755447]Multi-sTTI scheduling grant can be considered if DMRS sharing for more than two consecutive uplink sTTI should be supported. 

Conclusion
In section 2 we made the following observations:
Observation 1	Separate grants for DMRS and data results in reliability issue and unnecessary uplink interference in case one of the grant is missed. It can also increase the signalling overhead and the processing complexity at the eNB.
Observation 2	A field of 1 bit in the UL sDCI is sufficient to signal the sPUSCH configuration.
Observation 3	A field of 2 bit in the UL sDCI can support more 2/3os patterns for DMRS sharing.
Observation 4	Multi-sTTI scheduling grant can be considered if DMRS sharing for more than two consecutive uplink sTTI should be supported.

Based on the discussion in section 2 we propose the following:
Proposal 1	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 sDCI with the UL DMRS position signalling.
Proposal 2	Do not support non-contiguous DMRS and data symbols configuration for DMRS multiplexing.
Proposal 3	To improve the reliability for uplink sTTI transmissions with DMRS sharing, it is recommended to not support separate grants for DMRS and data symbols for uplink short TTI scheduling.
Proposal 4	In case of DMRS multiplexing between two consecutive sTTIs, the DMRS is placed in the first symbol of the second sTTI.
Proposal 5	If only 1 bit is used for DMRS position indicating, use the signalling method shown in Figure 4. If two bits can be used for DMRs position indicating, use the signalling method shown in Figure 6.
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