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1
Introduction
In [1], following agreements related to the transmission modes in downlink were made:

· Agreement: 

· For DL transmission for sTTI

· TM1, 2, 3, 4, 6, 9, 10 are supported for FS1.

· TM1, 2, 3, 4, 6, 8, 9, 10 are supported for slot based sTTI for FS2.

· Note: For 2 symbol sTTI design TM8 is not supported in this WI

This implies that both CRS and DMRS based TMs will be supported for DL sTTI transmission. Furthermore, it has been agreed to use the legacy CRS for DL sTTI transmission and no change for CRS definition is envisioned. However, new DMRS design is required for at least 2-OS sTTI DL. In the previous meeting RAN1#87 in Reno, sTTI DL structure for 2-OS sTTI has been agreed in [2]. Therefore, in this contribution we provide the details related to DMRS pattern design for the agreed 2-OS DL sTTI structure.
2
DMRS design considerations for 2-symbol DL sTTI
2.1.


Overhead issue

For DMRS-based transmission with 2-symbol sTTI, it is not possible to re-use legacy DMRS, because the DMRS would not be present in every DL sTTI. As a consequence, scheduling restrictions would need to be imposed which jeopardize the benefits of TTI shortening. For full scheduling flexibility, it would be required to transmit DMRS in every TTI. Also, we do not see the strong motivation to re-use DMRS transmitted in the previous sTTI(s) for the same UE. This would require additional signalling overhead in DL assignment and would be applicable only in case that RA and ports have not changed. Furthremore, the channel estimate itself would be outdated. Therefore, we propose that DL DMRS should be transmitted in every 2-symbol sTTI.    
Proposal-1: DL DMRS is transmitted in every 2-symbol sTTI.
However, this would result in large DMRS overhead using the current DMRS design principles, which again jeopardize the benefits of TTI shortening. Therefore, one of the key motivations for designing new DMRS pattern is to have an optimal trade-off between the DMRS overhead and quality of channel estimates. In [3], the link level performance for different DMRS patterns for 2OS sPDSCH was evaluated. It has been observed that the patterns with: 
· DMRS resources placed closer to PRB boundary 
· even DMRS spacing and 
· PRB bundling specific design 
perform the best. 
The PRB bundling means that PMI is constant within the bundle. A PRB bundle defines the minimum scheduling granularity. In other words, resource allocation granularity must be equal and be preferably a multiple of PRB bundling size. Currently PRB bundle for channel estimation (i.e. PRG), as well as resource allocation granularity (RBG) are system-BW specific. 
With TTI shortening, UE-allocations become wider and increased resource allocation granularity is a natural phenomenon. In addition, increased RA granularity allows for DCI payload reduction. Therefore, in [4] we propose to increase resource granularity for sPDSCH, and the increased resource allocation granularity allows also for increased PRB bundling.

In legacy, DMRS pattern is defined for a single PRB. And the channel estimation can be performed over PRB-bundle, this improving the channel estimation quality by interpolation. If the DMRS would be designed over the whole PRB-bundle, additional benefit could be achieved. The DM-RS at the PRB edges being inside the PRB-bundle could be eliminated and RS overhead reduced.
Proposal-2: For 2OS sPDSCH, increase the PRB-bundling size and design DMRS pattern per PRB-bundle instead of a single PRB. 
On the other hand, the increased precoding granularity may cause degradation in precoding gain. Nevertheless, the eNB could keep the precoding granularity unchanged and instead interpolate the used different spatial precoders within the PRG, which can guarantee smooth channel at the receiver.
Observation-2: The eNB may interpolate across different spatial precoders used within PRG to guarantee the smooth channel at the receiver.
2.2.


Position restriction
Another issue that should be considered while designing new DMRS patters is the location of legacy CRS ports. Primary criteria is to prevent any resource collision with legacy CRS ports. Fixed DMRS pattern for a 2-symbol sTTI length cannot avoid collision with legacy CRS ports, because CRS can be present in any sub-carrier of the OFDM symbol carrying CRS. CRS position depends on the CRS shift in a cell. Thus, there is a need to apply flexible DMRS pattern within each sTTI depending on the presence and position of the legacy CRS.
In addition, the sTTI DMRS pattern will need to avoid collisions with CSI-RS ports. An eNB could avoid configuring CSI-RS ports which would collide with the sTTI DMRS pattern, however these restrictions could complicate the deployment of sTTI in the networks employing the CSI-RS. Therefore, the flexible DMRS pattern for 2-symbol sTTI should also avoid collisions with configured CSI-RS ports.
Proposal-3: Flexible DL DMRS patterns should be considered for 2-symbol sTTI to avoid collision with legacy CRS and CSI-RS.
2.3.


Complexity

The channel estimation complexity should be another design criterion for the new DMRS pattern. It would be unacceptable to generate a different channel estimation filter for each sTTI with different DMRS pattern. Therefore, the DMRS pattern should not vary for different sTTIs within a subframe.
Proposal-4: In order to avoid channel estimator complexity, the DMRS pattern should not vary for different 2-symbol DL sTTIs, at least within a subframe.
3
Flexible DMRS design for 2-symbol DL sTTI 

In our accompanying contribution [4], we propose to have a maximum of two DMRS antenna ports (using OCC for 2-OS DL sTTI. Based on the design considerations discussed in previous section, we present the details on how to generate flexible DMRS pattern for 2-symbol sTTI up to 2 DMRS ports. The presented design is flexible in terms of bundling size, CRS shifts in a cell and CSI-RS position/configurations. 
The following steps are applicable across all sTTIs within a subframe, in other words the pattern is the same for all sTTIs within a subframe:

1. eNB configures (RRC) or signals (DCI ) to a UE the PRB bundle size ([image: image2.png]N2y

bundis



) and number of DMRS resources per OFDM symbol in each PRB bundle ([image: image4.png]bundle
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)

2. Based on the number of DMRS resources that are signalled, the average spacing between the DMRS resources within a PRB bundle is calculates as:
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Where, [image: image7.png]


 is number of subcarriers within a resource block

3. Based on the DMRS spacing, the nominal position of DMRS resources for each PRB bundle is given as:

a. First DMRS resource is fixed at the first subcarrier of the PRB bundle 

b. Second DMRS resource is also fixed at the last subcarrier of the PRB bundle

c. The remaining DMRS resources are spread between the first and last subcarrier 
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4. Nominal DMRS resource position for any RBG with index [image: image10.png]


 can be written as:
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5. Once the nominal DMRS resource position is calculated for a given OFDM symbol, any collision with legacy CRS and CSI-RS should be avoided by shifting that specific DMRS resource. Following steps should be followed for each DMRS resource. The overall resource mapping equation for flexible DMRS can be written as:
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Where [image: image15.png]


, [image: image21.png]




 are the legacy CRS, CSI-RS and new DMRS positions, respectively.[image: image18.png]




 and 
Observation-3: Herein described flexible DMRS pattern for 2-OS sTTI would allow for resource allocation such that there is no collision with legacy CRS and CSI-RS, regardless of the shift due to cell ID.

Based on above six steps, an eNB and UE may determine the DMRS pattern given PRB bundle size ([image: image23.png]N2y
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) and number of DMRS resources per OFDM symbol in each PRB bundle ([image: image25.png]bundle
j pundl



). However, it is left for further study whether these parameters are fixed in specification, higher layer configured or dynamically signalled to a UE.
Proposal-5:  The DMRS pattern is determined by PRB bundle size ([image: image27.png]N2y
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) and number of DMRS resources per OFDM symbol in each PRB bundle ([image: image29.png]bundle
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). FFS whether these parameters are fixed in specification, higher layer configured or dynamically signalled to a UE.
4
Conclusions
In this contribution we made following observations and proposals.
Proposal-1: DL DMRS is transmitted in every 2-symbol sTTI.
Proposal-2: For 2OS sPDSCH, increase the PRB-bundling size and design DMRS pattern per PRB-bundle instead of a single PRB. 
Observation-2: The eNB may interpolate across different spatial precoders used within PRG to guarantee the smooth channel at the receiver.

Proposal-3: Flexible DL DMRS patterns should be considered for 2-symbol sTTI to avoid collision with legacy CRS and CSI-RS.

Proposal-4: In order to avoid channel estimator complexity, the DMRS pattern should not vary for different 2-symbol DL sTTIs, at least within a subframe.
Observation-3: Herein described flexible DMRS pattern for 2-OS sTTI would allow for resource allocation such that there is no collision with legacy CRS and CSI-RS, regardless of the shift due to cell ID.

Proposal-5:  The DMRS pattern is determined by PRB bundle size ([image: image31.png]N2y
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) and number of DMRS resources per OFDM symbol in each PRB bundle ([image: image33.png]bundle
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). FFS whether these parameters are fixed in specification, higher layer configured or dynamically signalled to a UE.
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