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1
Introduction
In this contribution, we provide some design details for the DL DMRS used in sPDSCH transmissions. 
2
Discussion
In RAN1 #88, the following agreements were reached:

Agreements:
· For up to 2 layers sPDSCH in one sTTI, each layer maps to one different DL DMRS port, and each DMRS port has OCC-2 in time domain to support code division multiplexing.
· FFS on whether DL DMRS can be shared among multiple sTTIs for the same UE for 2/3-symbol sTTI..
· DL DMRS pattern for 2-layer 2/3-symbol sTTI occupies 2 symbols per sTTI, X subcarriers per N RB(s)
· Option 1: X = 3, N = 1
· Option 2: X = 2, N = 1
· Option 3: N > 1, with a fixed value of N and X, the specific values are FFS 
· Option 4: N and X are configurable, including the possibility that N = 1.
In this contribution, we provide some details on the DMRS design in the DL channel for both 2/3-symbol and 1-slot sTTIs. 
2.1 UERS Design for sPDSCH transmission
In this section, we discuss DMRS design for 1-slot and 2/3-symbol sPDSCH.
2.1.1 Slot-based DMRS design

For the slot based design, the DMRS pattern can be leveraged from the legacy design with 2 symbols of DMRS transmission per slot. DMRS symbols are placed at symbols 5&6 within each slot sTTI. They conform to the existing legacy pattern, thereby fully aligning with any legacy DMRS transmission transmitted by other cells. Additionally, since there is only 1 set of DMRS transmission per slot, the UE can institute multiple looks across slot sTTIs to improve receiver performance.  
As shown previously during the SI, with a 1-look DMRS pattern, a low latency LTE system is, in most cases, significantly underperformed by the legacy LTE. The reason for this is that a low latency system suffers considerably from its inferior channel estimation quality. To address this issue, a low latency user should be able to use the past DMRS transmissions if a user is scheduled over multiple consecutive sTTIs. For example, a 1-slot low latency user scheduled over both slots of a subframe can use not only the DMRSs over symbols 12 and 13, but also the DMRSs in symbol 5 and 6 to improve the channel estimation quality of the second slot. Similarly, a 1-slot low latency user scheduled over the first slot of a subframe can use DMRSs over symbols 12 and 13 of the previous subframe. The same approach can be adopted when a 2-symbol sTTI is employed. 
In order to illustrate the benefits of this approach, let us assume that, regardless of the chosen TTI/sTTI length, a UE is allocated 25 PRBs. TM9 with QPSK modulation and code rate of 1/3 is considered. TBS is computed as a function of the number of PRBs and the selected MCS. The UE speed is 60kmph, and the ETU channel model is assumed. Further, we investigate how the BLER behaves as a function of SNR with and without PRB bundling. Figure 8 shows our results. 
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Figure 8: BLER vs. SNR for both the legacy and low latency systems employing a 2-look DMRS pattern. 25PRBs, TM9 (rank 2), QPSK (1/3), and UE speed of 60kmph are assumed.
As shown in the figure, an sPDSCH with a 2-look DMRS channel estimation has a comparable performance as that of the legacy LTE. In addition, increasing the number of PRBs participating in DMRS-based channel estimation from 1 to 2 improves system performance by about 1dB.
Proposal 1: In a low latency network, consider a 2-look DMRS channel estimation if a user is scheduled over multiple consecutive sTTIs.
Proposal 2: For the slot sTTI case, the DMRS pattern can be leveraged from the existing legacy design. DMRS reference symbol pairs on OFDM symbols 5&6 and 12&13 are each located in a slot sTTI and can be used for data demodulation in their respective 1-slot sTTI. 
As already agreed, each DL subframe has a 3-symbol sTTI located at the end of a subframe (sTTI #5). If the DMRSs are located within the 1st two symbols of the sTTI, their location is not aligned with the legacy DMRSs. For better interference estimation, however, it is reasonable to consider the legacy DMRS pattern over sTTI #5 as well, i.e., the DMRSs are located over the last two symbols. 
Proposal 3: sPDSCH DMRSs are located over the 2nd and 3rd symbols of sTTI #5 of a subframe.
Similarly, to align the location of the DMRSs over sTTI#1 of a subframe under different CFI values, the DMRSs should be over the 2nd and 3rd symbols of sTTI#1 when CFI = 2.
Proposal 4: sPDSCH DMRSs are located over the 2nd and 3rd symbols of sTTI #1 of a subframe when CFI = 2.
2.1.2 2-symbol sTTI DMRS design

The RS overhead in a 2-3/symbol sTTI is higher than in a legacy subframe. To save DMRS overhead, we can consider adding an explicit DMRS trigger in the DCI such that the DMRS is only transmitted when explicitly triggered. When the DMRS is not explicitly triggered, the REs will be used for data transmission. This can help reducing the DMRS overhead when the UE is scheduled across back-to-back sTTIs. 
The DMRS transmission is front-loaded at the start of the sTTI (except for sTTI #5 as explained in the preceding section) and extends for two symbols in time across the sTTI. Therefore, for the case of PDCCH control length of 1, the 2-symbol DMRS pattern can start from symbols 1, 3, 5, 7, 9, and 12. For PDCCH control length of 2, the 2-symbol DMRS pattern can start from symbols 3, 5, 7, 9, and 12. If the DMRS placement starts from symbol 3, the DMRSs are aligned regardless of the number of symbols used for PDCCH. Finally, for the case of PDCCH control length of 3, the starting symbols could be 3, 5, 7, 9 and 12. In all cases, the DMRS signal replicates the symbol 5&6 DMRS signal construction from the legacy case, i.e., there will be 3 DMRS pairs over each sTTI. However, since the DMRS can be triggered on any sTTI, potential collision between the DMRS and CRS can arise. For this situation, the DMRS signal needs to be shifted in frequency to avoid collision with the CRSs.

Proposal 5: Consider 3 DMRS pairs per PRB for each sTTI. To avoid collision with the CRSs, frequency shift can be applied as compared to the legacy DMRS patterns. 

When a user is scheduled for two consecutive sTTIs, the eNB can indicate a DMRS tranmsision in the first sTTI, but no DMRS trigger in the second sTTI transmission to reduce the DMRS overhead. For this case, the UE would need to use the DMRS transmitted in the previous sTTI to demodulate the current sTTI.

To show the impact of this approach on system performance, we consider a user scheduled over three consecutive 2-symbol sTTIs spanned over 10 PRBs and symbols: (1) symbols 5 and 6, (2) symbols 7 and 8, and (3) symbols 9 and 10 with a fixed TBS and precoding matrix. Accounting for the presence of the DMRSs over symbols 5 and 6 and also CRSs over symbol 7, case (1) has the largest dimensional loss, while in case (3), all the available resources are allocated to user data transmission. Hence, case (3) gains from a lower coding rate as compared to the other two scenarios. However, as we move from case (1) to case (3), the estimated channel becomes stale. Therefore, it is not clear which of the three scenarios is superior from a performance point of view. The BLER results are presented in the following figure.
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Figure 9: BLER vs. SNR for a 2-symbol low latency user. TM9 (rank 2), QPSK (1/3), ETU, and UE speed of 60kpmh are assumed.

Proposal 6: To save DMRS overhead, we can consider adding an explicit DMRS trigger in the DCI such that the DMRS is only transmitted when explicitly triggered. When the DMRS is not explicitly triggered, the REs will be used for data transmission.
3
Conclusions 
In this contribution, we provided detailed information on the DMRS-based design for the sPDSCH channel. The following proposals are given in this contribution:

Proposal 1: In a low latency network, consider a 2-look DMRS channel estimation if a user is scheduled over multiple consecutive sTTIs.

Proposal 2: For the slot sTTI case, the DMRS pattern can be leveraged from the existing legacy design. DMRS reference symbol pairs on OFDM symbols 5&6 and 12&13 are each located in a slot sTTI and can be used for data demodulation  in their respective slot sTTI. 
Proposal 3: sPDSCH DMRSs are located over the 2nd and 3rd symbols of sTTI #5 of a subframe.
Proposal 4: sPDSCH DMRSs are located over the 2nd and 3rd symbols of sTTI #1 of a subframe when CFI = 2.
Proposal 5: Consider 3 DMRS pairs per PRB for each sTTI. In order to avoid collision with the CRSs, frequency shift can be applied as compared to the legacy DMRS patterns. 
Proposal 6: To save DMRS overhead, we can consider adding an explicit DMRS trigger in the DCI such that the DMRS is only transmitted when explicitly triggered. When the DMRS is not explicitly triggered, the REs will be used for data transmission.
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