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[bookmark: _Ref489428170]Introduction
In RAN1#89 the following agreement was made for DMRS pattern for short TTI.
Agreements:
· The DL DMRS pattern is fixed for 2-layer 2/3-symbol sPDSCH.
· Down-selected between option 1, 2, 3 (X=2N+1 or X=2N, where N is the number of RBs).
· 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.

In this contribution, we provide our views on the DMRS design for shortened TTI in downlink transmission. 
[bookmark: _Ref178064866]Discussion
A new DMRS design needs to be specified for short TTI operation, to provide each short TTI with its own DMRS set. 
DMRS pattern for 2-symbol TTI
In the RAN1#89 meeting, it was agreed that the DMRS pattern for sTTI is fixed (i.e., there is not a configurable option) and three options for the short TTI DMRS pattern are considered, see Section 1. These DMRS patterns are denoted as DMRS pattern option 1, DMRS pattern option 2 and DMRS pattern option 3 and respectively have three DMRS pairs in one PRB, two DMRS pairs in one PRB, or X DMRS pairs in N PRBs (where X=2N+1, or X=2N and N>1). These options for N=3 are shown in Figure 1. In this figure, the split between the short TTIs is for the case of 2os long PDCCH. The scheme with 3 DMRS pairs has the same frequency location as in [1] and [4]. The DMRS pattern option 2 is here constructed by removing the middle DMRS pair. The DMRS pattern option 3 is here shown for the parameters N=3 and X=7.
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[bookmark: _Hlk489622027]Option 3
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[bookmark: _Ref489786506]
[bookmark: _Ref489881008]Figure 1. DMRS patterns for 2-symbol TTI, with three DMRS pairs in one PRB (leftmost column, denoted as option 1), two pairs in one PRB (middle column, denoted as option 2) and with X=7 DMRS pairs in N=3 PRBs (rightmost column, denoted as option 3). Color code: grey: PDCCH, orange: DMRS, blue: CRS
We evaluate the link-level performance of the downlink 2/3-OS TTI transmission if one of the above DMRS patterns is used. Figure 2, Figure 3 and  Figure 4 show the simulation results in EPA, EVA and ETU channels. Simulation assumptions are listed in the appendix. All the simulations use PRB bundling of 3 PRB, which as pointed out in [4] and below in Section 2.4.1, gives an improved performance.
[image: ][image: ]
[bookmark: _Ref489880719][bookmark: _Hlk490120362]Figure 2. 2/3-symbol TTI. Evaluation of DMRS placements with CDM-T. EPA 3 km/h rank 2. MCS: QPSK 1/3, 16QAM 3/4, 64QAM 5/6.
In Figure 2, BLER and throughput curves are shown for rank-2 transmission with the three DMRS patterns in the EPA 3km/h propagation channel. For this low-dispersive and low-Doppler channel, all the DMRS patterns perform almost equally good in BLER. Yet, the DMRS pattern option 2 results in higher throughput. Thus, for this channel, it is better to have two DMRS pairs in one PRB (option 2). 
[bookmark: _Toc490119933][bookmark: _Toc490120042][bookmark: _Toc490120184][bookmark: _Toc490120331][bookmark: _Toc490120341][bookmark: _Toc490131473][bookmark: _Toc490138548][bookmark: _Toc490150375][bookmark: _Toc490264301]DMRS Pattern Option 2 results in higher throughput in EPA channel compared to other DMRS patterns.
Figure 3 shows the simulation results in 60km/h EVA channel model. In this channel, DMRS pattern option 2 has the highest throughput for low- to medium-MCS schemes. For high-MCS schemes (here, 64QAM 5/6), DMRS pattern option 3 has better performance.
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[bookmark: _Ref490150596][bookmark: _Ref490150336]Figure 3. 2/3-symbol TTI. Evaluation of DMRS placements with CDM-T. EVA 60 km/h rank 2. MCS: QPSK 1/3, 16QAM 3/4, 64QAM 5/6.
[bookmark: _Toc489641231][bookmark: _Toc489787042][bookmark: _Toc489877858][bookmark: _Toc489879658][bookmark: _Toc489887667][bookmark: _Toc489887720][bookmark: _Toc489887731][bookmark: _Toc489887742][bookmark: _Toc489887801][bookmark: _Toc489887812][bookmark: _Toc489887850][bookmark: _Toc489887863]Figure 4 shows rank-2 demodulation performance for a more time-dispersive channel (here the results are shown for 3km/h ETU channel). In the low MCS scheme, e.g., QPSK1/3 all the DMRS pattern options perform well. In higher MCS schemes, e.g.,16QAM3/4, three DMRS pairs (option 1) benefits the system in BLER and throughput. However, the larger overhead of DMRS pattern option 1 over option 2 and option 3 affects its performance in favorable environments as shown in the previous figures. In challenging environment, the eNB can schedule sTTI with a low MCS with a DMRS pattern like option 2 or option 3 or the eNB could schedule 1ms TTI transmission instead. Comparing the performance of DMRS pattern option 2 and 3 in this challenging environment, option 3 has some advantage over option 2. Yet, the BLER in transmission using option 3 never reaches 10% for medium- to high-MCS schemes, for example for 16QAM3/4 in this figure. 
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[bookmark: _Ref489877888]Figure 4. 2/3-symbol TTI. Evaluation of DMRS placements with CDM-T pairs on two or three subcarriers. ETU 3 km/h rank 2. MCS: QPSK 1/3, 16QAM 3/4, 64QAM 5/6.

[bookmark: _Toc488934601][bookmark: _Toc489004609][bookmark: _Toc489012808][bookmark: _Toc489261246][bookmark: _Toc489270044][bookmark: _Toc489641232][bookmark: _Toc489787043][bookmark: _Toc489877859][bookmark: _Toc489879659][bookmark: _Toc489887668][bookmark: _Toc489887721][bookmark: _Toc489887732][bookmark: _Toc489887743][bookmark: _Toc489887802][bookmark: _Toc489887813][bookmark: _Toc489887851][bookmark: _Toc489887864][bookmark: _Toc489887911][bookmark: _Toc489887921][bookmark: _Toc489887931][bookmark: _Toc490036235][bookmark: _Toc490131474][bookmark: _Toc490138549][bookmark: _Toc490150376][bookmark: _Toc490119711][bookmark: _Toc490119802][bookmark: _Toc490119935][bookmark: _Toc490120043][bookmark: _Toc490120185][bookmark: _Toc490120332][bookmark: _Toc490120342][bookmark: _Toc490264302][bookmark: _Toc489641233][bookmark: _Toc489787044][bookmark: _Toc489641234][bookmark: _Toc489787045]DMRS pattern option 3 improves the link level performance in ETU channel compared to option 2, but does not reach 10% BLER in medium- to high-MCS schemes. 
[bookmark: _Toc490131475][bookmark: _Toc490138550][bookmark: _Toc490150377][bookmark: _Toc490264303]DMRS pattern option 3 with N=2 provides minor overhead-benefit over option 1.

The benefit of option 1 is mostly visible in the ETU 16QAM, where EVA channels perform well using option 2. At the same time, the higher DMRS overhead punishes the throughput in all scenarios. Given that the high-dispersive ETU channel is not the main target of the short TTI, choosing option 2 may be preferable to achieve better performance in major scenarios.
[bookmark: _Toc490036244][bookmark: _Toc490131485][bookmark: _Toc490138560][bookmark: _Toc490150387][bookmark: _Toc488934610][bookmark: _Toc489004618][bookmark: _Toc489012821][bookmark: _Toc489270058][bookmark: _Toc489641243][bookmark: _Toc489641367][bookmark: _Toc489787080][bookmark: _Toc489877875][bookmark: _Toc489879668][bookmark: _Toc489888006][bookmark: _Toc490036245][bookmark: _Toc490131486][bookmark: _Toc490138561][bookmark: _Toc490150388][bookmark: _Toc490264312][bookmark: _Toc488934611][bookmark: _Toc489004619][bookmark: _Toc489012822][bookmark: _Toc489270059][bookmark: _Toc489641244][bookmark: _Toc489641368][bookmark: _Toc489787081][bookmark: _Toc488934612][bookmark: _Toc465347317][bookmark: _Toc465348247][bookmark: _Toc465670336][bookmark: _Toc465943306][bookmark: _Toc465974960][bookmark: _Toc465975010][bookmark: _Toc465975041][bookmark: _Toc466028268][bookmark: _Toc472086408][bookmark: _Toc472086524][bookmark: _Toc472611102][bookmark: _Toc473186080][bookmark: _Toc474175332][bookmark: _Toc474175456][bookmark: _Toc477866997][bookmark: _Toc477867382][bookmark: _Toc477867458][bookmark: _Toc477891144][bookmark: _Toc477898884][bookmark: _Toc477898981][bookmark: _Toc477899121][bookmark: _Toc477943237][bookmark: _Toc477943255][bookmark: _Toc477943376][bookmark: _Toc477943469][bookmark: _Toc478054518][bookmark: _Toc478117710][bookmark: _Toc478120775][bookmark: _Toc478120841][bookmark: _Toc478140094][bookmark: _Toc478147379][bookmark: _Toc478147438][bookmark: _Toc481101265][bookmark: _Toc481149134][bookmark: _Toc481149490][bookmark: _Toc481154688][bookmark: _Toc481500710][bookmark: _Toc481762817][bookmark: _Toc489641245][bookmark: _Toc489641369][bookmark: _Toc489787082][bookmark: _Toc489004620][bookmark: _Toc489012823][bookmark: _Toc489270060]DMRS pattern option 2 is supported
DMRS sharing between TTIs 
Looking at the DMRS patterns in Figure 1, we observe that there is a high DMRS overhead in all patterns. To reduce the overhead, one solution might be to share the DMRS pairs between consecutive 2/3-symbol TTIs. This was agreed at RAN1#89, see Section 1, with a FFS on sharing between 3 consecutive sTTIs and sharing across slots. In [5], the benefits and drawbacks of DMRS sharing in different channel environments were evaluated. Sharing between 3 consecutive sTTIs works quite well in some scenarios. It also enables achieving similar DMRS overhead as legacy LTE. Indication of DMRS existence may be given in DCI message as a single bit. If DMRS is signaled to be transmitted, the UE estimates the channel in the current sTTI, otherwise it reuses the most recent channel estimate. No limitation of number of consecutive sTTIs is needed, and the eNodeB can decide on DMRS transmission, taking into account UE speed and channel environment.
[bookmark: _Toc489641246][bookmark: _Toc489641370][bookmark: _Toc489787083][bookmark: _Toc489877876][bookmark: _Toc489879669][bookmark: _Toc489888007][bookmark: _Toc490036246][bookmark: _Toc490131487][bookmark: _Toc490138562][bookmark: _Toc490150389][bookmark: _Toc490264313]DMRS sharing between 3 consecutive sTTIs is supported.
The slot boundary is used mostly in UL for enabling frequency hopping. For DL, it only has a special meaning for resource allocation type 2 with distributed virtual resource blocks, a feature rarely used in practice. Therefore, there is no reason to preclude sharing across slots. 
[bookmark: _Toc489641247][bookmark: _Toc489641371][bookmark: _Toc489787084][bookmark: _Toc489877877][bookmark: _Toc489879670][bookmark: _Toc489888008][bookmark: _Toc490036247][bookmark: _Toc490131488][bookmark: _Toc490138563][bookmark: _Toc490150390][bookmark: _Toc490264314]DMRS sharing across slots is supported.

[bookmark: _Toc478140085]Number of layers for 2-symbols TTI 
As 4 layers is supported for 2-symbols CRS-based transmission, it can be studied whether this also should be supported for 2-symbol TTI with DMRS. The DMRS scheme with CDM pairs in time supports for a single pair only 1 or 2 layers. More than two layers will increase the overhead for 2 symbols TTI, since then an additional DMRS pair would need to be inserted in frequency. In this subsection, we evaluate the link-level performance for a 2-symbol DMRS-based transmission that supports four-layer transmission.
We examine the BLER and throughput of the system for different DMRS patterns. With these patterns, we compare the performance between two and four-layer transmissions. The DMRS patterns for two-layer transmissions with 2 or 3 DMRS pairs, were shown in the previous subsection (see Figure 1). For four-layer transmission, we double the set of DMRS pairs (each of the two sets used by two layers; see [5] for more details). 
In Figure 5, simulation results are shown for a 3 km/h EPA channel. All simulations use 2-symbol TTI with PRB bundling 3. Results for different environments are available in [5]. For this channel with low frequency dispersion, only few DMRS RE are needed. Looking at the scheme with double three-DMRS pairs, we see that the pattern has a very high overhead, making the peak throughput not improve much compared to 2-layer transmission. With 12 RE reserved for DMRS each sTTI (when having no DMRS sharing), only 8-12 RE are left for sPDSCH, depending on presence of CRS.
[bookmark: _Toc481101257][bookmark: _Toc481149127][bookmark: _Toc481149482][bookmark: _Toc481154680][bookmark: _Toc481500702][bookmark: _Toc481762809][bookmark: _Toc488934606][bookmark: _Toc489004614][bookmark: _Toc489012813][bookmark: _Toc489261251][bookmark: _Toc489270049][bookmark: _Toc489877860][bookmark: _Toc489641235][bookmark: _Toc489787046][bookmark: _Toc489879660][bookmark: _Toc489887669][bookmark: _Toc489887722][bookmark: _Toc489887733][bookmark: _Toc489887744][bookmark: _Toc489887803][bookmark: _Toc489887814][bookmark: _Toc489887852][bookmark: _Toc489887865][bookmark: _Toc489887912][bookmark: _Toc489887922][bookmark: _Toc489887932][bookmark: _Toc490036236][bookmark: _Toc490119712][bookmark: _Toc490119803][bookmark: _Toc490119936][bookmark: _Toc490120044][bookmark: _Toc490120186][bookmark: _Toc490120333][bookmark: _Toc490120343][bookmark: _Toc490131477][bookmark: _Toc490138552][bookmark: _Toc490150379][bookmark: _Toc490264304]The 4-layer gain is lost with a DMRS pattern based on option 1 with a doubling of DMRS pairs to support 4 layers due to high DMRS overhead

[bookmark: _Toc489641248][bookmark: _Toc489641372][bookmark: _Toc489787085][bookmark: _Toc489877878][bookmark: _Toc489879671][bookmark: _Toc489888009][bookmark: _Toc490036248][bookmark: _Toc490131489][bookmark: _Toc490138564][bookmark: _Toc490150391][bookmark: _Toc490264315]4-layer sPDSCH transmission is supported with option 2 as DMRS pattern.
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[bookmark: _Ref481154110][bookmark: _Toc489877863]Figure 5. BLER and Throughput for 2-symbol sTTI with 2- and 4-layer transmission, for different DMRS schemes. 16QAM r3/4 EPA 3 km/h
DMRS pattern for slot TTI 
As discussed in [1], the legacy DMRS structure with the pilots placed in the end of each TTI is not suitable for high-Doppler environments. As noted in that paper, moving the DMRS RE to the middle of the TTI will improve the results. Based on the above discussion, we evaluate the link-level performance of the one-slot TTI for five patterns, denoted at DMRS pattern option 1, DMRS pattern option 2, DMRS pattern option 3, DMRS pattern option 4, and DMRS pattern option 5. These DMRS patterns are depicted in Figure 6. The pattern on the bottom of the figure are suited for high-Doppler channel (as we show later). In this subsection, we present the link-level performance of one-slot TTI transmission using these patterns. We evaluate the performance for two and four layers of transmission. We note that for four-layer transmission the number of DMRS pairs in each of these patterns is doubled (see the Annex in section 6 for more details).
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[bookmark: _Ref488916985]Figure 6: DMRS patterns for one-slot TTI. Color code: grey: PDCCH, orange: DMRS, blue: CRS
We first evaluate the link-level performance in 3km/h EPA channel.  The simulation results of using DMRS patterns are shown in Figure 7. Almost all patterns have quite acceptable performance in BLER and throughput in this channel.  Here, the DMRS pattern option 2 results in the highest throughput.
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[bookmark: _Ref488921272]Figure 7: BLER and throughput for one-slot TTI. EPA 3 km/h rank 2. MCS: QPSK 1/3, 16QAM 3/4, 64QAM 5/6.
[bookmark: _Toc489012816][bookmark: _Toc489261254][bookmark: _Toc489270052][bookmark: _Toc489641236][bookmark: _Toc489787047][bookmark: _Toc489877865][bookmark: _Toc489879661][bookmark: _Toc489887670][bookmark: _Toc489887723][bookmark: _Toc489887734][bookmark: _Toc489887745][bookmark: _Toc489887804][bookmark: _Toc489887815][bookmark: _Toc489887853][bookmark: _Toc489887866][bookmark: _Toc489887913][bookmark: _Toc489887923][bookmark: _Toc489887933][bookmark: _Toc490036237][bookmark: _Toc490119713][bookmark: _Toc490119804][bookmark: _Toc490119937][bookmark: _Toc490120045][bookmark: _Toc490120187][bookmark: _Toc490120334][bookmark: _Toc490120344][bookmark: _Toc490131478][bookmark: _Toc490138553][bookmark: _Toc490150380][bookmark: _Toc490264305]The link-level performance of sTTI transmission using DMRS pattern option 2 provides the highest throughput in 3km/h EPA channel.

Next, we examine the link-level performance in a high-Doppler channel, using 60km/h EVA channel model. The results are shown in Figure 8. The study shows that the transmission using all DMRS patterns performs well for low MCS schemes (here for QPSK 1/3). For high MCS schemes, the performance of options 1 and 2 is not satisfying. The receiver needs more reference signals in time domain for a proper channel estimation. As simulation results show in high-Doppler channel the DMRS pattern option 3, 4 and 5 outperform other options at high MCS. Among, these robust DMRS patterns, the DMRS pattern option 4 has better link-level performance in this channel.
 [image: ][image: ]
[bookmark: _Ref488923680][bookmark: _Hlk488925878]Figure 8: BLER and throughput for one-slot TTI. EVA 60 km/h rank 2. MCS: QPSK 1/3, 16QAM 3/4, 64QAM 5/6.

[bookmark: _Toc489641237][bookmark: _Toc489787048][bookmark: _Toc489877866][bookmark: _Toc489879662][bookmark: _Toc489887671][bookmark: _Toc489887724][bookmark: _Toc489887735][bookmark: _Toc489887746][bookmark: _Toc489887805][bookmark: _Toc489887816][bookmark: _Toc489887854][bookmark: _Toc489887867][bookmark: _Toc489887914][bookmark: _Toc489887924][bookmark: _Toc489887934][bookmark: _Toc490036238][bookmark: _Toc490119714][bookmark: _Toc490119805][bookmark: _Toc490119938][bookmark: _Toc490120046][bookmark: _Toc490120188][bookmark: _Toc490120335][bookmark: _Toc490120345][bookmark: _Toc490131479][bookmark: _Toc490138554][bookmark: _Toc490150381][bookmark: _Toc489012817][bookmark: _Toc489261255][bookmark: _Toc489270053][bookmark: _Toc490264306]In a high-Doppler channel, the link-level performance of sTTI transmission using DMRS pattern option 1 and option 2 is on acceptable level only for low MCS schemes like QPSK1/3. 
[bookmark: _Toc489012819][bookmark: _Toc489261257][bookmark: _Toc489270055][bookmark: _Toc489641238][bookmark: _Toc489787049][bookmark: _Toc489877867][bookmark: _Toc489879663][bookmark: _Toc489887672][bookmark: _Toc489887725][bookmark: _Toc489887736][bookmark: _Toc489887747][bookmark: _Toc489887806][bookmark: _Toc489887817][bookmark: _Toc489887855][bookmark: _Toc489887868][bookmark: _Toc489887915][bookmark: _Toc489887925][bookmark: _Toc489887935][bookmark: _Toc490036239][bookmark: _Toc490119715][bookmark: _Toc490119806][bookmark: _Toc490119939][bookmark: _Toc490120047][bookmark: _Toc490120189][bookmark: _Toc490120336][bookmark: _Toc490120346][bookmark: _Toc490131480][bookmark: _Toc490138555][bookmark: _Toc490150382][bookmark: _Toc490264307]In high-Doppler channel, the link-level performance is improved by having more reference signals in time domain.
[bookmark: _Toc489270056][bookmark: _Toc489641239][bookmark: _Toc489787050][bookmark: _Toc489877868][bookmark: _Toc489879664][bookmark: _Toc489887673][bookmark: _Toc489887726][bookmark: _Toc489887737][bookmark: _Toc489887748][bookmark: _Toc489887807][bookmark: _Toc489887818][bookmark: _Toc489887856][bookmark: _Toc489887869][bookmark: _Toc489887916][bookmark: _Toc489887926][bookmark: _Toc489887936][bookmark: _Toc490036240][bookmark: _Toc490119716][bookmark: _Toc490119807][bookmark: _Toc490119940][bookmark: _Toc490120048][bookmark: _Toc490120190][bookmark: _Toc490120337][bookmark: _Toc490120347][bookmark: _Toc490131481][bookmark: _Toc490138556][bookmark: _Toc490150383][bookmark: _Toc490264308]DMRS pattern option 4 has good properties in high-Doppler channel. It performs well in terms of BLER and throughput.
We also examined the link-level performance in a high-dispersive channel. In Figure 9, we show the performance results for simulation in 3km/h ETU channel. In this channel, DMRS pairs on three subcarriers are required for proper channel estimation.
[image: ][image: ]
[bookmark: _Ref488927141]Figure 9:  BLER and throughput for one-slot TTI. ETU 3 km/h rank 2. MCS: QPSK 1/3, 16QAM 3/4, 64QAM 5/6.
[bookmark: _Toc489012818][bookmark: _Toc489261256][bookmark: _Toc489270054][bookmark: _Toc489641240][bookmark: _Toc489787051][bookmark: _Toc489877869][bookmark: _Toc489879665][bookmark: _Toc489887674][bookmark: _Toc489887727][bookmark: _Toc489887738][bookmark: _Toc489887749][bookmark: _Toc489887808][bookmark: _Toc489887819][bookmark: _Toc489887857][bookmark: _Toc489887870][bookmark: _Toc489887917][bookmark: _Toc489887927][bookmark: _Toc489887937][bookmark: _Toc490036241][bookmark: _Toc490119717][bookmark: _Toc490119808][bookmark: _Toc490119941][bookmark: _Toc490120049][bookmark: _Toc490120191][bookmark: _Toc490120338][bookmark: _Toc490120348][bookmark: _Toc490131482][bookmark: _Toc490138557][bookmark: _Toc490150384][bookmark: _Toc490264309]In ETU channel, DMRS patterns that have DMRS pairs on two subcarriers perform well only in low MCS schemes, like QPSK 1/3. For high MCS schemes, DMRS pairs on more subcarriers are required.

Considering that option 4 achieves close the maximum throughput in favorable environments with low speed and outperforms all other DMRS options in high-Doppler channel, option 4 should be supported for DMRS based slot sPDSCH.
[bookmark: _Toc489641249][bookmark: _Toc489641373][bookmark: _Toc489787086][bookmark: _Toc489641250][bookmark: _Toc489641374][bookmark: _Toc489787087][bookmark: _Toc489879672][bookmark: _Toc489888010][bookmark: _Toc490036249][bookmark: _Toc490131490][bookmark: _Toc490138565][bookmark: _Toc490150392][bookmark: _Toc489012825][bookmark: _Toc489270062][bookmark: _Toc489877879][bookmark: _Toc490264316]A DMRS pattern option 4 is supported for one-slot TTI 

It has been agreed that 4-layer is supported for DMRS based slot long sPDSCH transmission. In the following, we study the link-level performance of 4-layer transmission for one-slot TTI with the five patterns in Figure 6 with a doubled number of DMRS pairs for 4-layer transmission (see Section 6). Figure 10 shows the simulation results for 4-layers transmission. In 3km/h EPA channel model, 4-layers brings higher throughput. Among the above patterns, the 4-layer transmission using the DMRS pattern option 2 brings the highest throughput. 
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Figure 10: BLER and throughput using modified DMRS patterns in one-slot TTI. EPA 3 km/h, rank 4. MCS: QPSK 1/3, 16QAM 3/4, 64QAM 5/6.

[bookmark: _GoBack]Similarly as for 2-layer transmission, in high-Doppler environments, 4-layer transmission using DMRS pattern option 4 and 5 have better performance. These results are shown in Figure 11. The 4-layer performance confirms the choice of DMRS pattern option 4.
[bookmark: _Toc490264310]4-layer transmission for one-slot TTI is beneficial and can result in higher throughput.
[bookmark: _Toc490264317]4-layer transmission using DMRS pattern option 4 is supported for one-slot TTI transmission.
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Figure 11: BLER and throughput using DMRS patterns in one-slot TTI. EPA 60 km/h, rank 4. MCS: QPSK 1/3, 16QAM 3/4, 64QAM 5/6.
[bookmark: _Ref489880857][bookmark: _Ref454383026]PRB bundling 
To improve the channel estimation, PRB bundling can be employed. In [5], we showed that the bundling gain somewhat increases with increased bundling, although most of the gain is achieved with a bundling of 3 PRB. Also for the ETU channel with high dispersion, there is a bundling gain. For this channel, the coherence bandwidth is smaller and not as wide filters in frequency can be used, there even seems to be decreased performance by high bundling levels. In total, we see that the numbers used by legacy LTE, i.e. up to 3 PRB bundling, also seem suitable to use for short latency. RAN1 agreed that the sTTI design is not optimized for N_PRB <= 10. A single PRB bundling size of 3 for all system bandwidth can be chosen.
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Conclusion
In section 2 we made the following observations:
Observation 1	DMRS Pattern Option 2 results in higher throughput in EPA channel compared to other DMRS patterns.
Observation 2	DMRS pattern option 3 improves the link level performance in ETU channel compared to option 2, but does not reach 10% BLER in medium- to high-MCS schemes.
Observation 3	DMRS pattern option 3 with N=2 provides minor overhead-benefit over option 1.
Observation 4	The 4-layer gain is lost with a DMRS pattern based on option 1 with a doubling of DMRS pairs to support 4 layers due to high DMRS overhead
Observation 5	The link-level performance of sTTI transmission using DMRS pattern option 2 provides the highest throughput in 3km/h EPA channel.
Observation 6	In a high-Doppler channel, the link-level performance of sTTI transmission using DMRS pattern option 1 and option 2 is on acceptable level only for low MCS schemes like QPSK1/3.
Observation 7	In high-Doppler channel, the link-level performance is improved by having more reference signals in time domain.
Observation 8	DMRS pattern option 4 has good properties in high-Doppler channel. It performs well in terms of BLER and throughput.
Observation 9	In ETU channel, DMRS patterns that have DMRS pairs on two subcarriers perform well only in low MCS schemes, like QPSK 1/3. For high MCS schemes, DMRS pairs on more subcarriers are required.
Observation 10	4-layer transmission for one-slot TTI is beneficial and can result in higher throughput.
Observation 11	A bundling size 3 is suitable.

Based on the discussion in section 2 we propose the following:
Proposal 1	DMRS pattern option 2 is supported
Proposal 2	DMRS sharing between 3 consecutive sTTIs is supported.
Proposal 3	DMRS sharing across slots is supported.
Proposal 4	4-layer sPDSCH transmission is supported with option 2 as DMRS pattern.
Proposal 5	A DMRS pattern option 4 is supported for one-slot TTI
Proposal 6	4-layer transmission using DMRS pattern option 4 is supported for one-slot TTI transmission.
Proposal 7	Use PRB bundling size equal to 3.
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Appendix: Simulation assumptions
 specifies the settings used in the link level evaluations, based on the WF on evaluation methodology [2], [3].
Table 2. Simulation parameters
	Parameter
	Value

	Carrier frequency
	2 GHz

	TTI length
	2/7/14 symbols

	Allocated bandwidth
	50 PRBs (10 MHz)

	Channel model 
	EPA, ETU

	UE speed
	3km/h (5.56 Hz), 60km/h (111 Hz)

	Antenna configuration
	4Tx (eNB), 4Rx (UE)  

	Antenna correlation
	Uncorrelated

	Legacy PDCCH region
	2 OFDM symbols

	CP length
	Normal

	Transmission mode
	TM9 

	RS configuration
	2 CRS ports for rank 1 and 2

	Receiver type
	MMSE-IRC

	Channel estimation
	Practical

	Rank adaptation
	Rank 1, Rank2, Rank 4

	Link adaptation
	Disabled

	Modulation and code rate
	64QAM 5/6, 16QAM 3/4, QPSK 1/3

	Precoding codebook
	Fixed

	TBS determination
	Calculated from modulation and code rate

	HARQ retransmission
	Disabled

	Imperfections
	RX imperfections and 6% TX EVM, (standard value in RAN4)





[bookmark: _Ref490035937][bookmark: _Ref490061782]DMRS patterns for 4-layer one-slot transmission
The following DMRS patterns are evaluated for 4-layer one-slot transmissions.
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