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1. Introduction
In 3GPP RAN1 #84bis and #85 meeting, agreements regarding sPDCCH and DMRS were listed below.
Conclusion for study till RAN1#85: 
· Two-level DCI can be studied for sTTI scheduling, whereby:
· DCI for sTTI scheduling can be divided into two types:
· “Slow DCI”: DCI content which applies to more than 1 sTTI is carried on either legacy PDCCH, or sPDCCH transmitted not more than once per subframe
· FFS whether “Slow DCI” is UE-specific or common for multiple UEs
· “Fast DCI”: DCI content which applies to a specific sTTI is carried on sPDCCH
· For a sPDSCH in a given sTTI, the scheduling information is obtained from either:
· a combination of slow DCI and fast DCI, or
· fast DCI only, overriding the slow DCI for that sTTI
· Compare with single-level DCI carried on one sPDCCH or one legacy PDCCH.
· It is not precluded to consider schemes in which the slow DCI also includes some resource allocation information for the sPDCCH.
· Methods for reducing the overhead of single-level DCI can also be studied
· Single-level DCI multi-sTTI scheduling for a variable number of sTTIs may be included
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Agreements:
· Both CRS based TMs and DMRS based TMs are recommended to be supported for DL sTTI transmission
· No change for CRS definition
· FFS: Supporting more than 2 layers for sPDSCHs
· Further study is needed about DMRS design(s) for sPDSCH demodulation
· For a certain TTI length, increased PRB bundling sizes may be necessary to achieve sufficient channel estimation accuracy. 
· FFS: the number of DMRS antenna ports that can be supported for a given short-TTI length.
· For a certain TTI length, new DMRS design(s) may be needed

In this contribution, we discuss 1) the design of DMRS for short TTI and 2) the two-level DCI design for short TTI.
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DMRS designs for short TTI has been considered in [1]-[4]. In this section, we consider the detailed DMRS design for 2/7 symbol short TTI.  Table 1 shows the legacy DMRS overhead per TTI when the TTI length is 2, 7, and 14. For the 7 symbol case, the DMRS overhead is the same as the 14 symbol TTI and there is no need to design the new DMRS for the 7 symbol TTI case. For the 2 symbol TTI, the overhead is 3.5 times of the 7/14 symbol TTI.
Therefore, we have
Observation 1. For the 2 symbol TTI, it is necessary to reduce the DMRS overhead for sPDCCH/sPDSCH transmission.

	
	Overhead of DL DMRS per TTI

	
	1 or 2 ports
	4 or 8 ports

	14 symbol TTI
	7.14%
	14.29%

	7 symbol TTI
	7.14%
	14.29%

	2 symbol TTI
	25%
	50%


[bookmark: _Ref458521505]Table 1 Overhead of DL DMRS per TTI when legacy design is used.

Now, we consider the DMRS design for 2 symbol TTI. In the following, we consider one or two ports DMRS. For four or eight ports DMRS, the same conclusions can be obtained. In 2 symbol TTI, CRS may collide with DMRS. For example, assume DMRS appears in each short TTI. As shown in Figure 1, CRS collides with DMRS in OFDM symbol 4, 7, 8, and 11. To avoid this situation, it is suggested that the REs for DMRS are derived from cell-ID and not overlapped with CRS. For example, use a cell-specific shift such as vshift=NIDcell mod 3 in the frequency-domain allocation.


                               
[bookmark: _Ref462920150][bookmark: _Ref462920102]Figure 1 Example of collision between DMRS and CRS

Proposal 1. The design of DMRS for short TTI should avoid the collision with CRS. 

To avoid collision with CRS and reduce the overhead, we have 

Alternative 1. 
· In time domain, DMRS appears in every two OFDM symbols. 
· In frequency domain, 
· the resource allocation of DMRS is cell-specific to avoid the collision with CRS.
· reduce the density of DMRS.
· Pros
· No collision with CRS
· Channel estimation can be done earlier and it helps to reduce the DL processing time. 
· Small DMRS overhead (8.33%)
· Cons 
· Degradation on channel estimation performance.
· Support up to two layers

                                  
Figure 4 DMRS alternative 1


Alternative 2.
· In time domain, DMRS appears in every two short TTI. Two contiguous sTTIs share the same DMRS position.
· In frequency, 
· reduce the density of DMRS.
· Pros
· No collision with CRS
· Channel estimation can be done earlier and it helps to reduce the DL processing time. 
· Small DMRS overhead (8.33%)
· Cons 
· Degradation on channel estimation performance, especially in high mobility case.
· Support up to four layers

                                     
Figure 5 DMRS alternative 2

In alternative 1 and 2, the DMRS overhead is reduced by decreasing the density of DMRS in time domain and the resulting  overhead is very close to the case of 7/14 symbol TTI.

From above discussions, we have

Proposal 2. Consider alternative 1or alternative 2 for the DL DMRS design.


3. Discussions on two-level DCI
In short TTI (sTTI) transmission, the DCIs for scheduling sPDSCH is transmitted more frequently. As a result, the DCI overhead will increase significantly. In order to reduce the DCI overhead, two-level DCI was proposed in [5]-[8]. The concept of two-level DCI is illustrated in Figure 5. For example, to decode the sPDSCH in sTTI n+1, UE needs to decode the slow DCI in sTTI n and fast DCI in sTTI n+1. If the slow DCI in sTTI n is missing, then all the sPDSCHs in sTTI n+1 to sTTI n+6 becomes unavailable. One solution is to reuse slow DCI in sTTI n-7, but this would lead to performance degradation. So there is a concern on the burst error in the two-level DCI design.


[bookmark: _Ref458607075][bookmark: _Ref458607071]Figure 6 Illustration of two-level DCI in 2 symbol TTI

Observation 2. There is a concern on the burst error in the two-level DCI design.
In the following discussions, we discuss the case when two-level DCI is supported in LATRED.
Since the information carried by slow DCI would apply to all the short TTIs in a subframe, it is suggested that the information carried by slow DCI is not UE-specific and the slow DCI is located in the common search space of PDCCH. The UE-specific information can be carried in the fast DCI. For this purpose, DCI format 1A or 1C can be reused. 
Proposal 3. If two-level DCI is supported, it is suggested that a common DCI, e.g., format 1A or 1C, is used for slow DCI.
For UE supports short TTI, it needs additional efforts to monitor the slow DCI in common search space and the fast DCI in UE-specific search space. To reduce the complexity and speed up the DL processing time, it is suggested that the hypotheses on the number of blind decodes for both slow DCI and fast DCI should be reduced.

Proposal 4. If two-level DCI is supported, it is suggested that the hypotheses on the number of blind decodes for both slow DCI and fast DCI should be reduced.

For UE which supports both legacy and short TTI, it needs to monitor the legacy DCI and slow DCI in the legacy control regions. To reduce the complexity of UE, it is beneficial for an eNB to signal a dynamic indication to inform UE the existence of short TTIs in the next coming subframes. 
Proposal 5. If two-level DCI is supported, it is suggested that eNB singals a dynamic indication to inform UE the existence of short TTIs in the next coming subframes. 
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4. [bookmark: _Ref129681832]Conclusion
From above discussion, we have
Observation 1. For the 2 symbol TTI, it is necessary to reduce the DMRS overhead for sPDCCH/sPDSCH transmission.
Proposal 1. The design of DMRS for short TTI should avoid the collision with CRS. 

Proposal 2. Consider alternative 1or alternative 2 for the DL DMRS design.

Observation 2. There is a concern on the burst error in the two-level DCI design.
Proposal 3. If two-level DCI is supported, it is suggested that a common DCI, e.g., format 1A or 1C, is used for slow DCI.
Proposal 4. If two-level DCI is supported, it is suggested that the hypotheses on the number of blind decodes for both slow DCI and fast DCI should be reduced.

Proposal 5. If two-level DCI is supported, it is suggested that eNB singals a dynamic indication to inform UE the existence of short TTIs in the next coming subframes. 
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