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1 Introduction
In RAN1#86bis meeting, there were the following agreements [2]:
Agreements:
· 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

This contribution further discusses indication of UL DMRS and data position. 
2 Uplink DMRS
It was agreed that DMRS sharing/multiplexing of consecutive TTIs from one or multiple UEs is recommended to be supported. It is beneficial for DMRS overhead reduction. How to determine the DMRS position is still an open issue, and there are some candidate methods.
Option 1: 

One simple way to indicate DMRS position is to use one trigger bit in the UL grant to indicate whether the corresponding sPUSCH has a DMRS in the same sTTI or not. However, if UE misses the UL grant for the sTTI in which the DMRS is triggered to be transmitted, eNB would fail to demodulate the latter sPUSCH because DMRS is not sent at all. In addition, this method does not efficiently support the DMRS multiplexing of consecutive TTIs from multiple UEs, because separate DCIs have to be spent to trigger DMRS and the sPUSCH using that DMRS. 
Option 2: 

Another method is to explicitly indicate the DMRS position relative to the sPUSCH in UL grant. In general, we use a triplet (n,k,m) to represent the timing that a UL grant sent in sTTI n schedules the sPUSCH in sTTI (n+k) while the sPUSCH has its corresponding DMRS in sTTI (n+k-m). The parameter k is assumed to be pre-determined at least according to the minimum processing timing and therefore is no longer signalled to UE via grant DCI. Only parameter m is contained in grant DCI. Then, for any two grant timings, say (n1, k, m1) and (n2, k, m2), where n1<n2 is assumed without loss of generality, 
· n1+k-m1 = n2+k-m2 to ensure the sharing of DMRS in one sTTI;

· kmin≤( n1+k-m1)- n2 to ensure UE to have sufficient time (no less than kmin) to prepare for the DMRS transmission for the grant sent in sTTI n2 if the grant in sTTI n1 is missed by the UE, so option 2 can solve the issue observed in option 1. 
The above equality and inequality together lead to: k ≥ kmin + m2. In other words, if we denote mmax as the maximum sTTI offset between sPUSCH and its accompanying DMRS, the pre-determined grant-to-sPUSCH delay (k) has to be no smaller than kmin+ mmax. This is the hard-coded grant-to-sPUSCH delay which is in effect even when sPUSCH is transmitted in the same sTTI as its DMRS and no DMRS sharing occurs. Meanwhile, the number of sTTIs that configured to share the same DMRS is also limited by this hard-coded grant-to-sPUSCH delay. RAN1 needs to have more discussions and evaluations to settle down on the trade-off between the grant-to-sPUSCH delay and the DMRS overhead reduction by DMRS sharing.  
As an example shown in Figure 1, the minimum timing is assumed as kmin=4 and the pre-determined grant-to-sPUSCH delay is k=5. Then only 2 sTTI, i.e., sTTI #(n) and sTTI #(n+1) can share the DMRS since it would be too late for UE in sTTI #(n+2) to transmit the DMRS. The DMRS overhead is reduced to 25%.  In other words, if we want to further reduce the DMRS overhead by DMRS sharing, a larger grant-to-sPUSCH delay is needed. 
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Figure 1 An example of option 2
Option 3:

To avoid unnecessarily lengthening the grant-to-sPUSCH delay, we propose a new indication method that is slightly different from option 2. The difference here is that, the triplet (n,k,m) is used to represent the timing that a UL grant sent in sTTI n triggers the DMRS transmission in sTTI (n+k), which can be used by the sPUSCH in sTTI (n+k+m). The parameter k is assumed to be pre-determined at least according to the minimum processing timing and therefore is no longer signalled to UE via grant DCI. Only parameter m is contained in grant DCI. Then, for any two grant timings, say (n1, k, m1) and (n2, k, m2), where n1<n2 is assumed without loss of generality,

· n1+k = n2+k or n1=n2 to ensure the sharing of DMRS in one sTTI;

· kmin ≤ k to ensure UE to have sufficient time (no less than kmin) to prepare for the DMRS transmission for the grant if some of grants are missed by the UE. 

The above equality and inequality indicate that the grant-to-sPUSCH delay is varying in option 3, e.g., when sPUSCH is in the same sTTI as its DMRS, this delay is just kmin. The grant-to-sPUSCH delay is increased only when necessary, i.e., the DMRS sharing is applied, and the delay is proportional to the DMRS overhead reduction savings. The trade-off between delay and overhead is no longer per specification wise, but per implementation wise. 
Figure 2 illustrates an example for our proposed method. The minimum timing is also assumed as kmin=4 and the sharing DMRS position is determined by the minimum timing. In Figure 2, the average grant-to-sPUSCH delay of the three scheduling sTTI is also (n+5), which is same as the example shown in Figure 1, but a lower DMRS overhead (16.7%) is achieved.  Actually, there is no limit to the number of the sTTIs with DMRS sharing for our proposed method, and the scheduling delay is always minimized. 
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Figure 2 An example of option 3 
Proposal 1: DMRS position is determined by the minimum timing, i.e., implicitly indicated by UL grant, but the relative position between DMRS and date is signalled in UL grant.  
3 Conclusion

As the summary of this contribution, we propose the following: 
Proposal 1: DMRS position is determined by the minimum timing, i.e., implicitly indicated by UL grant, but the relative position between DMRS and date is signalled in UL grant.   
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