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1
Introduction
Note: This paper is a revised version of R1-1712788.
In this contribution, we provide some design details for the DL DMRS used in sPDSCH transmissions. 
2
Discussion
So far, the following agreements related to the DL DMRS design have been 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.
Agreement:
· The sPRG size for 2/3os sPDSCH is N (sPRG of N RBs)

· FFS: N is the same for all system BW or is system BW specific

· Down-select N from [2, 3, 4 and 6]
Agreement:
· DL DMRS can be shared among 2 consecutive sTTIs for the same UE for 2/3-symbol sPDSCH.

· Sharing across subframes is not supported

· FFS: Sharing across slots

· FFS: 3 consecutive sTTIs

· DL DMRS RE shift in frequency domain is supported when colliding with CRS RE.

Agreement:
· In the 1-slot for normal subframes and sTTI#0, at least one pair of symbols carry sPDSCH DMRS and the pair of symbols is selected among the following options:

· Option 1: 3-4 

· Option 2: 5-6 (legacy DMRS position) 

· Option 3: 2-3 if CFI=1,2 and 3-4 if CFI=3 (2OS-sTTI#1)

· In the 1-slot for normal subframes and sTTI#1, at least one pair of sPDSCH DMRS is supported and can be placed in symbols

· Option 1: 10-11

· Option 2: 12-13 (legacy DMRS position)
· Option 3: 9-10 (2OS-sTTI#4)

In this contribution, we provide some details on the DMRS design in the DL channel for both 2/3-symbol and 1-slot sTTIs. 
3
Slot-Based DMRS Design

For the 1-slot based design, the DMRS pattern can be based on 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.  
Proposal 1 For the 1-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 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. 
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 1: 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 2: In a low latency network, consider a 2-look DMRS channel estimation if a user is scheduled over multiple consecutive sTTIs.
For the 1-slot sTTI, up to 2CWs and the maximum of 4 layers can be considered. For up to two layers, the DMRS pattern is the same as the legacy. For more than two layers, an additional DMRS pair like that for the 2-layer transmission is considered at placed next to each pairs of the 2-layer DMRS.
Proposal 3: For a 2-layer 1-slot sPDSCH, the DMRS pattern is the same as that of the legacy LTE. For more than 2 layers, 3 additional DMRS pairs are considered, and added next to the first 3 pairs in frequency domain. 
4
2/3-Symbol Based DMRS Design
As mentioned in [1], we propose to support up to 2 CWs, while some of the MCS, RV and NDI parameters are set the same for both, and the maximum of 4 spatial layers for the 2-symbol sTTI operation. However, accommodating the DMRSs for up to 4 layers within a 2-symbol sTTI incurs large RS overhead. To save DMRS overhead, the following approaches should be considered:

(1) If a 4-layer 2-symbol sPDSCH is adopted, then a DMRS pattern with low density over each RB or a set of RBs can be defined if performance gains are provided. 

(2) The DMRS density should not be more than that in each subframe of a legacy LTE. In legacy LTE, and for 1-slot sTTI based on the majority views of the companies, only a 1-look DMRS is sufficient. Similarly, for the 2-symbol sTTI, it is reasonable to only trigger one DMRS per group of sTTIs. As an example, the following approach can be taken: a UE is not expected to receive more than one DMRS trigger per 3 consecutive sTTIs in one subframe. This approach has the following benefits.

·  Performance enhancement: To show the impact of this approach on 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 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. The BLER results are presented in the Figure 2.
·  Less UE complexity: Since the DMRS is spanned over the entire sTTI, the channel estimation can only be initiated after receiving the entire sTTI. If consecutive sTTIs carry DMRS, then their channel estimation processing overlaps at the UE. By triggering only one DMRS across up to 3 sTTIs in one subframe, not only better performance can be realized, but also the UE’s complexity can be reduced.
It should also be noted that in the DL, DMRS can be shared across sTTIs within one subframe without any limit, i.e., there is no need to confine them within one slot.
Proposal 4: If the maximum number of layers for 2-symbol sPDSCH is 4, then the DMRS density should be reduced.
Proposal 5: Under the 2-symbol sTTI operation, a UE is not expected to receive more than 1 DMRS trigger across 3 consecutive sTTIs.

Proposal 6: Under the 2-symbol sTTI operation, DMRS sharing across the slots is allowed.
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Figure 2: BLER vs. SNR for a 2-symbol low latency user. TM9 (rank 2), QPSK (1/3), ETU, and UE speed of 60kpmh are assumed.

Over the 3-symbol sTTIs, the DMRS pairs should be located over the 1st two symbols. The reason is that a UE needs to perform de-mapping for a larger number of REs in a 3-symbol sTTI as compared to the 2-symbol sTTIs. To meet the tight turnaround time of the 2-symbol sTTI operation, it is therefore necessary to have DMRSs front-loaded so that a UE can start the channel estimation before the end of the sTTI.

Proposal 7: In a 3-symbol sTTI, DMRS is located over the first 2 symbols.
Given that it seems to be essential to remove the DMRS overhead for the 2-symbol sTTI, in order to guarantee a reasonable channel estimation quality, resource bundling should be supported.

Proposal 8: RB bundling for DMRS-based sPDSCH is mandatory.

As explained in [1-3], to enable PRB bundling for sPDCCH, for multiplexing data and control resources efficiently, and to be able to reclaim the unused control resources efficiently, there has to be a proper relation between the RB set granularity, PRG size of control and data, and the reuse granularity. If the proper values are chosen, the grids defined for data and control sPRG, RB set allocation, and reuse will be nested. Assuming the allocation granularity of RB set as well as sPRG size of DMRS-based control are of size 2, the sPDSCH sPRG size can be set at 4. The same value can be reused for all system bandwidth if the sTTI RBG size is 4 times the legacy RBG size. In particular, we can consider increasing the RBG size by a factor of 4 for the 2/3-symbol operation. Hence, the sRBG size is 8, 12, 16 and 16, respectively, for 5, 10, 15 and 20MHz. Then, a fixed sPRG size of 4 RBs can be used for all system bandwidths.
Proposal 9: For sTTI operation, one sPRG consists of 4 RBs. 
Finally, from the UE’s perspective, it is important to have a fixed sPRG grid for each system bandwidth, i.e., the sPRG grid does not change dynamically.
Proposal 10: The sPRG definition/grid should be fixed for a given system bandwidth. 

5
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 For the 1-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. 
Proposal 2: In a low latency network, consider a 2-look DMRS channel estimation if a user is scheduled over multiple consecutive sTTIs.
Proposal 3: For a 2-layer 1-slot sPDSCH, the DMRS pattern is the same as that of the legacy LTE. For more than 2 layers, 3 additional DMRS pairs are considered, and added next to the first 3 pairs in frequency domain. 

Proposal 4: If the maximum number of layers for 2-symbol sPDSCH is 4, then the DMRS density should be reduced.

Proposal 5: Under the 2-symbol sTTI operation, a UE is not expected to receive more than 1 DMRS trigger across 3 consecutive sTTIs.

Proposal 6: Under the 2-symbol sTTI operation, DMRS sharing across the slots is allowed.

Proposal 7: In a 3-symbol sTTI, DMRS is located over the first 2 symbols.

Proposal 8: RB bundling for DMRS-based sPDSCH is mandatory.
Proposal 9: For sTTI operation, one sPRG consists of 4 RBs. 
Proposal 10: The sPRG definition/grid should be fixed for a given system bandwidth. 
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