3GPP TSG-RAN WG1 Meeting #86
R1-167085
Gothenburg, Sweden, 22nd  – 26th August 2016
Agenda item:

7.2.12.2.1
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
On details of DMRS design for DL shorter TTI 
Document for:

Discussion and Decision

1
Introduction
During the RAN#72, the study item on latency reduction techniques for LTE was concluded and the outcomes were captured in [1]. Based on these outcomes, a work item on shortened TTI and processing time for LTE was approved in [2]. 

The objective of this work item is to specify shortened TTI operation and shortened processing time for both legacy (1ms) TTI and shortened TTI. The specified solution should cover the case of carrier aggregation and non-carrier aggregation. Aim for a similar design as possible independent of frame structure.

The detailed objectives for shortened TTI part of WI state:

For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]
· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

Follow the recommendation made in [1] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.
In [1], it has been recommended to support both CRS based TMs and DMRS based TMs for DL sTTI transmission and no change for CRS definition is envisioned. In this contribution, we present the details of the DMRS design for DL sTTI transmission, with focus on TTI length shorter than 1-slot.
2
DMRS design considerations for DL sTTI
For DMRS-based transmission with TTI length shorter than 1-slot, it is not possible to re-use legacy DMRS, because the DMRS would not be present in every sTTI. As a consequence, scheduling restriction 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. However, this would result in large DMRS overhead, which again jeopardize the benefits of TTI shortening. Therefore, other means of reducing DMRS overhead, while maintaining the scheduling flexibility should be introduced.
In our previous contribution [3], the link level performance for different DMRS patterns for PDSCH was evaluated, with focus on 2-symbol sTTI. The main design criteria behind these DMRS patters were:

· Optimal trade-off between DMRS overhead and channel estimation performance.
· There should be no collision of new DMRS pattern with legacy CRS.

· DMRS resources should be evenly placed in frequency as much as possible.

· There should be possibility to use PRB bundling and thus designing the pattern for the PRB bundle as a whole rather than just a single PRB.

It was observed in [3] that the DMRS patterns with resources placed closer to PRB boundary, even spacing and PRB bundling specific design provide reasonable performance. The benefits of increased PRB bundling were also observed by others, which was captured in [1]. The increased PRB bundling improves the performance of sTTI two-fold. Firstly, the channel estimation interpolation gain increases, and secondly the overhead decreases by eliminating DM-RS at the edges when designing pattern with increased PRB bundling size. 
Proposal-1: Increase the PRB bundling size for operation of DL with TTI length shorter than 1-slot.
The PRB bundling implies that 1) PMI is constant within the bundle 2) PRB bundle defines minimum scheduling granularity. Currently PRB bundle, i.e. RBG is system-BW specific. With TTI shortening, UE-allocations become wider and increased scheduling granularity is a natural phenomenon. The shorter TTI is, wider the minimum RA should be. In addition, the sTTI will share resources with legacy TTI in frequency. Therefore, the sTTI band size will be changing dynamically, and as in legacy, variable sTTI band size could result in different preferred RA granularities. 

Observation-1: RA granularity may change dynamically with the sTTI band size. 

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 precoders within the RBG, which can guarantee smooth channel at the receiver.
Observation-2: The eNB may interpolate across different precoders within RBG to guarantee the smooth channel at the receiver.
3
On the DMRS design for flexible bundling size

In this section, we present the details on how to generate flexible DMRS pattern for TTI shorter than 1-slot, which is flexible with respect to bundling size, CRS shifts in a cell and is valid irrespective of sTTI length. The pattern can be defined by an equation, which defines DMRS pattern given the following parameters: 
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 is number of resource blocks allocated for PDSCH, 
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 is number of OFDM symbols in sTTI,

· [image: image14.png]


 is maximum number of downlink resource blocks and [image: image16.png]NEet



 is the cell ID.

For any sTTI having a length of less than 7 symbols, [image: image18.png]


 gives the resource mapping for DMRS at a given symbol index[image: image20.png]
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 is the symbol index within a legacy slot. If it is assumed that the DMRS is placed only in the first two OFDM symbols of sTTI, then [image: image28.png]
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. This design is applicable to any PRB bundling and average spacing between DMRS in frequency. 
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 is RBG index
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where,
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 denote CRS port 0 to 3
As an example according above equation with [image: image45.png]el
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, the bundled PRBs of [image: image49.png]


 with average RS spacing  [image: image51.png]


 is illustrated in the Figure 1. In Figure 1, an example of 7 sTTIs with length of 2 OFDM symbols is shown that contains the legacy PDCCH region in blue color, legacy CRS ports in brown and dark grey colors and the PDSCH REs in white. In the leftmost plot of Figure-1, legacy DMRS is shown in green color. And the middle and the rightmost plots in Figure-1 show the new DMRS pattern (in yellow color) based on the equation for the case of [image: image53.png]el
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 , respectively.
Observation-3: For TTI shorter than 1-slot, flexible DMRS pattern would allow for resource allocation such that there is no collision with legacy CRS, regardless of the shift due to cell id.
Observation-4: For TTI shorter than 1-slot, flexible DMRS pattern would allow variable PRB bundling depending up on the allocated sTTI band size.
Proposal-2: Consider adopting flexible DMRS pattern for operation of sTTI shorter than 1-slot. 
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Figure 1: Example of flexible DMRS pattern with [image: image58.png]Np =0
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4
Conclusions
In this contribution we discussed the need presented details related to flexible DMRS pattern and made following observations and proposals.
Proposal-1: Increase the PRB bundling size for operation of DL with TTI length shorter than 1-slot.
Observation-1: RA granularity may change dynamically with the sTTI band size. 

Observation-2: The eNB may interpolate across different precoders within RBG to guarantee the smooth channel at the receiver.

Observation-3: For TTI shorter than 1-slot, flexible DMRS pattern would allow for resource allocation such that there is no collision with legacy CRS, regardless of the shift due to cell id.

Observation-4: For TTI shorter than 1-slot, flexible DMRS pattern would allow variable PRB bundling depending up on the allocated sTTI band size.

Proposal-2: Consider adopting flexible DMRS pattern for operation of sTTI shorter than 1-slot. 
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