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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]At the RAN1 #86bis meeting, some agreements on sTTI structure in DL and UL, (s)TTI length combinations between DL and UL and sTTI scheduling schemes were achieved [1]. For sTTI transmission modes, the agreements were made as following:
	Agreements:
· For DL transmission for sTTI
· TM1, 2, 3, 4, 6, 9, 10 are supported for FS1.
· TM1, 2, 3, 4, 6, 8, 9, 10 are supported for slot based sTTI for FS2.
· Note: For 2 symbol sTTI design TM8 is not supported in this WI
· For UL transmission for sTTI
· TM1 and TM2 are supported



In addition, following agreements on channel design for sPDSCH at the RAN1 #85 meeting [2] should be the baseline.
	Agreements:
· For sPDSCH based on a CRS based transmission scheme the maximum number of supported layers is 4
· For sPDSCH based on a DM-RS based transmission scheme shall be down-selected among the following options
· the maximum number of supported layers is 2
· the maximum number of supported layers is 4
· the maximum number of supported layers is 8
· FFS for sPDSCH based on a DM-RS based transmission scheme it is recommended to increased PRB bundling size compared to PDSCH for at least sTTI lengths shorter than 1-slot




In this contribution, we provide our views on the above aspects. sTTI operation including the DL/UL sTTI structure and combination of sTTI length between DL and UL can be found in our companion contribution [3] and sPDCCH design can be found in our companion contribution [4].
2. DMRS for sPDSCH
DL sTTI patterns for 1-slot sTTI and 2-symbol sTTI have been fixed so far. Fig. 1 gives the illustrations of DL structures for 2-symbol sTTI and 7-symbol sTTI. 
[image: ]
Fig. 1	DL sTTI patterns for 1-slot sTTI and 2-symbol sTTI..

For CRS based TM, existing CRS port #0-#3 can be re-used to support the maximum number of 4-layer transmissions for both 2-symbol and 7-symbol sPDSCH.
For DMRS based TM, the maximum number of supported layers should be 4, at least for 7-symbol sPDSCH, in order to achieve the comparable performance with CRS based TM. 
For 7-symbol sTTI, existing DMRS on antenna port #7-#10 located in last two symbols per slot can simply be re-used. However, it requires waiting time for eNB to start the channel estimation procedure. Therefore, it is beneficial to place DMRS in the earlier symbol(s) of one sTTI while avoiding the collision with CRS REs and legacy PDCCH REs. Figure 2 illustrates one possible example of new DMRS mapping. The 4 layers can be achieved by CDM in either time and/or frequency domain. 

[image: ]
Fig 2: Example of DMRS design for 7-symbol sPDSCH

For 2-symbol sTTI, to support 4-layer transmissions, the DMRS overhead becomes significant, which will restrict the peak throughput performance. Three solutions can be considered to reduce the DMRS overhead. One is to allow DMRS sharing between sPDCCH and sPDSCH. This requires aligning the number of layers and precoder for sPDSCH and sPDCCH. The other solution is to define DMRS per PRB group, which consists of multiple PRBs. The flexibility in the number of PRBs per scheduling is limited in this case. The last solution is for 2-symbol sTTI, the number of layers is limited to, e.g., 2. Considering that the dynamic switching between 1ms TTI and sTTI is supported, DMRS overhead for 2-symbol sTTI can be non-critical. Rather, the DMRS and UE procedure for a given transmission mode for sTTI operation should be designed such that UE can smoothly change the TTI length subframe-by-subframe. 
In addition, at least fast aperiodic CSI feedback should be supported for sTTI [5]. To make the best use of the fast CSI feedback, it is preferred that the common transmission mode should be configured for both 1ms TTI and sTTI; when a UE is configured with TM x, then the UE shall apply TM x no matter whether the transmission/reception is 1ms TTI or sTTI.
Proposal:
· For CRS-based TMs, current CRS port #0-#3 can be re-used to support up to 4 layers for sPDSCH.
· For DMRS-based TMs, 4 layers should be supported at least for 7-symbol sPDSCH. 
· It is beneficial to locate DMRS in the earlier symbols of sTTI.
· More layers should be applicable by dynamic change of TTI length between sTTI and 1ms TTI.
· Same transmission mode is applied to PDSCH and sPDSCH for a given carrier.
3. Conclusion
In this contribution, we showed our views on PDSCH design for shortened TTI and made the following proposals.
Proposal:
· For CRS-based TMs, current CRS port #0-#3 can be re-used to support up to 4 layers for sPDSCH.
· For DMRS-based TMs, 4 layers should be supported at least for 7-symbol sPDSCH. 
· It is beneficial to locate DMRS in the earlier symbols of sTTI.
· More layers should be applicable by dynamic change of TTI length between sTTI and 1ms TTI.
· Same transmission mode is applied to PDSCH and sPDSCH for a given carrier.
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