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Introduction
During RAN#72 meeting, a New Work Item [1] on shortened TTI and processing time for LTE was approved with the following objectives:
For Frame structure type 1: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 
· 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
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH
· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)
In this contribution, we discuss the DL DMRS design for sTTI. 
Discussions
DL RS design Requirement
First of all, the overhead of the DL RS for the sTTI needs to be low enough to guarantee the system efficiency. For CRS based transmission, it has been agreed during RAN1 84bis meeting on no change for CRS definition. For DMRS based sPDCCH/sPDSCH transmission, at least for 2-symbol sTTI, the DL RS may be needed in each sTTI, therefore, DMRS design should be designed with an acceptable overhead.
Secondly, CSI-RS has played an important role for TM8/9/10 and it is transmitted within the full downlink system bandwidth, and therefore when designing DMRS pattern for sTTI the collision with CSI-RS should be avoided as much as possible. 
[bookmark: _GoBack]Thirdly, DMRS for sTTI should avoid the collision with CRS. When DMRS for sTTI and CRS are on the same OFDM symbol, they should be placed on different sub-carriers. If it is possible, it may be beneficial to put the DMRS on the symbols without CRS to mitigate the misalignment of the different interference between that of CRS and that of UE-specific (s)PDSCH from adjacent cells. 
Fourthly, it is beneficial to locate DMRS in the first symbol for a 2-symbol sTTI, and therefore the UE can begin the channel estimation after having buffered the first symbol. This can speed up the total processing procedure of the downlink sTTI.
Fifthly, DMRS for sTTI should support MIMO transmission for sTTI. For the maximum number of supported layers, four layers may be appropriate at least for 2-symbol sTTI considering the tradeoff between the RS overhead and the system efficiency. On the other hand for slot based sTTI, up to 8 layers sPDSCH transmission can be considered. 
Finally, DMRS design for sTTI should enable dynamic DMRS transmission to save the RS overhead. Note that it has been agreed in RAN1 #85 meeting that for DMRS of sPUSCH, for the case of less than 1-slot TTI length, to support DM-RS sharing/multiplexing of consecutive TTIs from one or multiple UEs. The similar sharing/multiplexing method can be used for downlink RS to save the RS overhead.  
Therefore, based on the above discussion, we have the following proposal:
Proposal 1: Design of the downlink DMRS for sTTI shall consider the following requirements:
· Low overhead 
· Avoid the collision with CSI-RS as much as possible
· Avoid the collision with CRS 
· Front-loaded within the sTTI
· Support up to 4/8 layers MIMO transmission for 2-symbols sTTI and slot based sTTI, respectively  
· Enable dynamic DMRS transmission 

DL DMRS design for 2-symbol sTTI
In the following, we give some design examples of DL DMRS design for 2-symbol sTTI.
DMRS pattern 1:  DMRS on symbols without CRS
DMRS for sTTI is only located on symbols without CRS. The sub-carriers that DMRS uses are {0, 1, 6, 7} or {4, 5, 10, 11} (just as shown in figure 1). Note that by such design the effect of DMRS of sTTI on CSI-RS is minimized, only a few CSI-RS configuration are lost, i.e., 4 single port CSI-RS configurations are affected.  Four REs are used for DMRS within each PRB resulting in a DMRS overhead of 1/6. In order to support MIMO transmission, at most four DMRS ports can be CDMed among the 4 DMRS subcarriers. 
It can be seen by such DMRS design, most of the requirements in proposal 1 can be fulfilled. However, it also should be noted that based on the sTTI definition, in some sTTIs the DMRS may be not on the 1st symbol which contains CRS. 


Figure 1: DMRS pattern 1 for 2-symbol sTTI
DMRS pattern 2:  DMRS always on the 1st symbol within the sTTI 
By this method, DMRS is only located on the 1st symbol within the sTTI. If DMRS is on the symbols without CRS, the same subcarriers set as in DMRS pattern 1 can be used, otherwise if DMRS is on the symbols with CRS, DMRS shall use different sub-carriers from CRS to avoid the collision with CRS. The DMRS pattern for different CRS shift are shown in Figure 2.
Compared with DMRS pattern 1, in DMRS pattern 2, DMRS is always on the 1st symbol of the sTTI thus it is beneficial for fast decoding. 


Figure 2: DMRS pattern 2 for 2-symbol sTTI
Proposal 2: The following DMRS patterns can be considered for 2-symbol sTTI:
DMRS pattern 1: DMRS is on symbols without CRS, DMRS uses REs set {0, 1, 6, 7} or {4, 5, 10, 11}.
DMRS pattern 2: DMRS is always on the 1st symbol within the sTTI, and it uses REs set {0, 1, 6, 7} or {4, 5, 10, 11} if the 1st symbol does not contain CRS , otherwise, it uses the non-CRS subcarriers.
DMRS design for slot-based sTTI
For slot based sTTI, one straightforward way is to reuse the current DMRS pattern, i.e., the DMRS in the symbol 5/6 in each slot. However, the drawback of this method is that the two DMRS symbols are too postpositional and not distributed within one slot uniformly enough. This may not be beneficial to get a balanced channel estimation performance within one slot. 
Another way is to re-use the DMRS pattern of 2-symbol sTTI and all of or a subset of the DMRS pattern for 2-symbol sTTI within the corresponding slot can be reused. For example, when the above DMRS pattern 1 for 2-symbol sTTI is reused, the following pattern as in Figure 3 can be considered for slot based sTTI. It can be seen that by such design the DMRS pattern becomes more uniformly distributed within one slot and more compatible with the DMRS pattern with 2-symbol sTTI.    


Figure 3: DMRS pattern for slot based sTTI

Proposal 3: The DMRS pattern for slot based sTTI can be all of or a subset of the DMRS pattern for 2-symbol sTTI within the corresponding slot.
Conclusions
In this contribution, we firstly present our understanding of the requirement of DMRS design for sTTI and then give examples of DMRS design for 2-symbol sTTI and slot-based sTTI. Based on the discussions, we have the following proposals:
Proposal 1: design of the downlink DMRS for sTTI shall consider the following requirements:
· Low overhead 
· Avoid the collision with CSI-RS as much as possible
· Avoid the collision with CRS 
· Front-loaded within the sTTI
· Support up to 4/8 layers MIMO transmission for 2-symbols sTTI and slot based sTTI respectively  
· Enable dynamic DMRS transmission 
Proposal 2: The following DMRS patterns can be considered for 2-symbol sTTI:
DMRS pattern 1: DMRS is on symbols without CRS, DMRS uses REs set {0, 1, 6, 7} or {4, 5, 10, 11}.
DMRS pattern 2: DMRS is always on the 1st symbol within the sTTI, and it uses REs set {0, 1, 6, 7} or {4, 5, 10, 11} if the 1st symbol does not contain CRS, otherwise, it uses the non-CRS subcarriers.
Proposal 3: The DMRS pattern for slot based sTTI can be all of or a subset of the DMRS pattern for 2-symbol sTTI within the corresponding slot.
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