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1 Introduction

In RAN1#87, DL sTTI layout for 2-symbol case was discussed and the adaptive DL sTTI layout according to the length of PDCCH region was agreed with the following patterns [1]:

· Pattern1 : <3,2,2,2,2,3>

· Pattern2 : <2,3,2,2,2,3>

In this contribution, we discuss DL DM-RS design for shortened TTI especially regarding 2-symbol TTI case.

2 Discussion
As agreed, to utilize MBSFN subframe, also to support DPS case and better inter-cell interference handling for control channels, DM-RS based sPDCCH design even for 2-OS sTTI is necessary. Similarly, at least to utilize MBSFN subframe for data transmission, DM-RS based sPDSCH transmission is also necessary. 

In designing DM-RS patterns in each sTTI structure, first it needs to be clarified how control channels are transmitted, and how it is multiplexed with control data. As discussed in our companion contribution [2], both TDM and FDM can be considered. And we can consider TDM approach for 7-OS sTTI and TDM or FDM for 2-OS sTTI. When TDM is considered for DM-RS based sPDSCH transmission, some further considerations on DM-RS pattern particularly in PRBs where data spans in one OFDM symbol due to control region mapping seem necessary. As discussed in our previous contribution [3], one of solutions to address this is to utilize DM-RS sharing between control and data which can be effectively done at least when localized mapping is considered. Though TDM has potential benefits in terms of latency since channel estimation can be performed using only the first OFDM symbol, FDM can be considered for simplicity. Necessary processing time relaxation needs to be accounted for. 

In consideration of DM-RS pattern design, we need to consider the following three cases. 
(1) C-RS-based sPDCCH schedules DM-RS based sPDSCH

(2) DM-RS based sPDCCH schedules DM-RS based sPDSCH

(3) DM-RS based sPDCCH schedules C-RS-based sPDSCH

2.1 Definition of DM-RS in 7-symbol DL sTTI

When DM-RS based sPDCCH schedules DM-RS based sPDSCH in 7-OS sTTI, unless DM-RS is shared between control and data, it may be necessary to transmit independent DM-RS pattern in control and data region respectively. Furthermore, if DM-RS of data is used for control, processing time on control channel can be increased. In this sense, even in 7-OS case, separate DM-RS for control and data region may be necessary. In terms of DM-RS design for control region in 7-OS sTTI, the size of sPDCCH region in 7-OS sTTI case needs to be clarified as well. Generally, we consider it would be desirable to have commonality design between 2-OS sTTI and 7-OS sTTI and legacy TTI if possible. Overall, we do not see a strong reason not to assume that same design of 2-OS sTTI control can be also used for 7-OS sTTI control. In this sense, DM-RS pattern for 7-OS sTTI control region could be the same as DM-RS pattern for 2-OS sTTI control region, particularly, in sTTI #3 (first sTTI in second slot). 

For DM-RS for data in 7-OS sTTI, legacy DM-RS pattern can be reused unless some significant problem is shown. In legacy DM-RS pattern, we can consider DM-RS in normal subframe and special subframe as shown in Figure 1. Based on our previous simulation in [4], we observe the followings. 
Observation 1: In case of 7-symbol sTTI, in low UE speed or low SNR region, DM-RS location in OFDM symbols #5/#6 achieves similar performance to DM-RS location in OFDM symbols #2/#3. In high UE speed with high SNR region, DM-RS location in OFDM symbols #5/#6 has worse performance to DM-RS location in OFDM symbols #2/#3.
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(a) DM-RS pattern A                 (b) DM-RS pattern B

Figure 1. Two DM-RS patterns with different OFDM symbol location for 7-symbols sTTI
Also, special subframe DM-RS pattern has a benefit of processing time as channel estimation can be done quicker. 
However, utilizing pattern B has a few issues to be addressed. One is that if this is used in the first slot sTTI, if legacy PDCCH region size is 3 OFDM symbols, DM-RS would collide with legacy PDCCH region. Also, if CSI-RS transmission occurs in OFDM symbol #2/#3 in the second slot, it would collide with CSI-RS transmission as well. 

One possible solution to this is to utilize pattern A in the first slot sTTI and the same DM-RS pattern to 2-OS sTTI in second slot sTTI (e.g., same DM-RS pattern to 2-OS sTTI #5 (second sTTI in second slot)). 

Proposal 1: For DM-RS based sPDCCH region, same DM-RS pattern to 2-OS case is used in 7-OS sTTI case. 

Proposal 2: For DM-RS based sPDSCH transmission, utilize legacy DM-RS pattern in the first slot. For the second slot, use the same DM-RS pattern to 2-OS case, particularly sTTI #5 of 2-OS sTTI in a subframe. 
When special subframe is used, DM-RS pattern of special subframe can be used for data, and same handling to FDD can be assumed for control DM-RS. 

Proposal 3. For TDD, normal subframe uses the same DM-RS pattern to FDD. For special subframe, legacy DM-RS pattern in each special subframe can be used for data. For control, same handling to FDD is assumed.  
2.2 Definition of DM-RS in 2-symbol DL sTTI
When FDM between control and data is used in 2-OS sTTI, DM-RS can be placed in 1-OS or 2-OS or 3-OS in a 2-symbol DL sTTI. Based on our previous evaluation [3], we observe the followings. 

Observation 2: DM-RS based sPDCCH transmission using the entire OFDM symbols within a sTTI can obtain better performance compared to sPDCCH transmission using a part of OFDM symbols within a sTTI.

Also, in terms of RS overhead, based on our previous evaluation results [4], 4RE/RB per port seems to offer the best performance. Based on it, basic DM-RS pattern for 2OS is proposed as in Figure 2. 
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Figure 2. Illustration of base DM-RS pattern for 2-OS sTTI 
For DL DM-RS in 2-symbol DL sTTI, the followings design considerations are proposed:

· The same DM-RS pattern is applied to both 2-OS sTTI and 3-OS sTTI.

· The maximum number of DM-RS antenna ports is limited to 2 and 4 for sPDCCH and sPDSCH, respectively.

· DM-RS REs are placed to avoid collision with C-RS and/or ZP/NZP CSI-RS.

· No handling on collision with PRS is assumed. 

As it may not be assumed that DM-RS would be present only in non-normal subframe, we need to consider potential collision between DM-RS and existing RS particularly C-RS and CSI-RS as in below. 

2.3 Consideration of a collision with C-RS
DL DM-RS for shortened TTI should be placed not to collide with C-RS REs. Since the location of C-RS REs is determined according to the vshift value by PCellID, which is common signal for legacy and advanced UEs capable of sTTI, a single fixed DM-RS pattern which can avoid any collision with C-RS in every sTTI in normal subframe seems not possible and DM-RS pattern should be also changed based on C-RS pattern based on vshift.
Some potential options for DL DM-RS in order to avoid collision with C-RS are elaborated as follows:

· Option1. Different DM-RS patterns depending on C-RS vshift.

Varying DM-RS patterns depending on C-RS vshift value can be considered. For such variation, DM-RS vshift can be taken into account, which is dependent on serving cell’s C-RS vshift. For example, 2AP DM-RS pattern depending on C-RS vshift can be described in Figure 3. 4RE/RB per port in a 2-OS sTTI are assumed. DM-RS may be CDMed or TDMed among 1st and 2nd ports. In Figure 4, an example of 4AP DM-RS pattern depending on C-RS vshift is described. DM-RS may be CDMed or TDMed among 1st, 2nd ports and 3rd, 4st ports, respectively. The common DM-RS pattern can be further considered for both <2,3,2,2,2,3> and <3,2,2,2,2,3> sTTI pattern if DM-RS symbols in sTTI1 with 3OS are positioned at the last 2 symbol.

Proposal4: DM-RS pattern can be vertically shifted depending on C-RS vshift.

Proposal5: The common DM-RS pattern can be considered for both <2,3,2,2,2,3> and <3,2,2,2,2,3> sTTI pattern.
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Figure 3. Examples of 2AP DM-RS pattern for 2-symbol sTTI
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Figure 4. Examples of 4AP DM-RS pattern for 2-symbol sTTI

· Option2. Fixed DM-RS pattern
If fixed pattern is used (e.g., horizontally shifted legacy DM-RS pattern), DM-RS transmission may not be allowed in the sTTI in case of collision with C-RS. Either such sTTI is wasted or transmission can be fallbacked to C-RS-based transmission in such sTTI for both sPDCCH and sPDSCH. 
2.4 Consideration of a collision with CSI-RS
For DL DM-RS design, the collision between DM-RS and CSI-RS including Zero Power CSI-RS should be also considered. It would be desirable to locate DM-RS not to be overlapped with CSI-RS REs.

To avoid collision with CSI-RS, one possible solution is to use different DM-RS patterns depending on CSI-RS configuration. The following two cases can be considered for DL DM-RS depending on either collision with CSI-RS or not.

· No collision case
· DM-RS patterns can be determined only by taking into account C-RS

· Collision case 

· Option1: Depending on whether DM-RS is collided with CSI-RS or not, different DM-RS pattern is applied by using different vshift value. The vshift value can be configured for DM-RS collided with CSI-RS. 
· Option2. When DM-RS is in collision with CSI-RS, it can be considered that UE does not expect sPDSCH/sPDCCH scheduling in the sTTI where DM-RS is collided with CSI-RS. 
· Option3. There is no DM-RS transmission in the sTTI in collision with CSI-RS. In this case, sPDCCH/sPDSCH should be transmitted based on C-RS in that sTTI. Channel estimated based on C-RS can be utilized in the sTTI where DM-RS is collided with CSI-RS. 
Proposal6: A DM-RS pattern over 2 OS is defined, and different vshift value for DM-RS may be used in different sTTI depending on the presence of C-RS and/or CSI-RS.
Proposal7: DM-RS vshift value at every 2-symbol sTTI, particularly in sTTIs containing CSI-RS resources, can be configurable.

As shown in Figure 5 and 6, in the sTTI occurring a collision with CSI-RS, DM-RS can be vertically shifted different from for that by C-RS vshift. Figure 5 is an example of 4AP DM-RS pattern in the subframe containing 4AP CSI-RS with configuration 0. Figure 6 is an example of 4AP DM-RS pattern in the subframe containing 8AP CSI-RS with configuration 4. In both cases, DM-RS may be CDMed or TDMed among 1st, 2nd ports and 3rd, 4st ports respectively. 4RB/RE per port in a 2-OS sTTI are assumed. 
If DM-RS is positioned from first OFDM symbol in the last sTTI of a subframe, avoiding a collision cannot be possible due to C-RS vshift and 8AP CSI-RS case with CSI configuration 4.

Proposal8: DM-RS in last 2-symbol sTTI with 3OS can be positioned in last 2 OFDM Symbol to avoid collision with both C-RS and CSI-RS in 2-symbol sTTI.
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	(a) 4AP DM-RS Pattern in the presence of C-RS with vshift 0 and 4AP CSI-RS with Configuration 0 in <2,3,2,2,2,3>
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Figure 5. Examples of 4AP DM-RS pattern for 2-symbol sTTI in the subframe with 4AP CSI-RS
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Figure 6. Examples of 4AP DM-RS pattern for 2-symbol sTTI in the subframe with 8AP CSI-RS
3 Conclusion 

In this contribution, we discuss about DL DM-RS design. Based on the discussion, we obtained following observations and proposals.
Observation 1: In case of 7-symbol sTTI, in low UE speed or low SNR region, DM-RS location in OFDM symbols #5/#6 achieves similar performance to DM-RS location in OFDM symbols #2/#3. In high UE speed with high SNR region, DM-RS location in OFDM symbols #5/#6 has worse performance to DM-RS location in OFDM symbols #2/#3.
Observation 2: DM-RS based sPDCCH transmission using the entire OFDM symbols within a sTTI can obtain better performance compared to sPDCCH transmission using a part of OFDM symbols within a sTTI.

Proposal 1: For DM-RS based sPDCCH region, same DM-RS pattern to 2-OS case is used in 7-OS sTTI case. 

Proposal 2: For DM-RS based sPDSCH transmission, utilize legacy DM-RS pattern in the first slot. For the second slot, use the same DM-RS pattern to 2-OS case, particularly sTTI #5 of 2-OS sTTI in a subframe. 
Proposal 3. For TDD, normal subframe uses the same DM-RS pattern to FDD. For special subframe, legacy DM-RS pattern in each special subframe can be used for data. For control, same handling to FDD is assumed.  
Proposal4: DM-RS pattern can be vertically shifted depending on C-RS vshift.

Proposal5: The common DM-RS pattern can be considered for both <2,3,2,2,2,3> and <3,2,2,2,2,3> sTTI pattern.

Proposal6: A DM-RS pattern over 2 OS is defined, and different vshift value for DM-RS may be used in different sTTI depending on the presence of C-RS and/or CSI-RS.
Proposal7: DM-RS vshift value at every 2-symbol sTTI, particularly in sTTIs containing CSI-RS resources, can be configurable.
Proposal8: DM-RS in last 2-symbol sTTI with 3OS can be positioned in last 2 OFDM Symbol to avoid collision with both C-RS and CSI-RS in 2-symbol sTTI.
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