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1   Background
During RAN4 #90 meeting, WF [1] was approved for LTE HST UE demodulation performance in Rel-16. In the WF, DMRS-based transmission modes are listed as an open issue. 
This paper provides some considerations on DMRS based transmission for Rel-16 LTE UE HST.
2   Discussion
2.1   Motivation for DMRS based transmission scheme

In Figure 1, we provide the scheme for HST-SFN scenario, which was discussed and specified in Rel-14. As we discussed in the last meeting, the RRHs connected to the same BBU are using the same cell ID in SFN-HST, which is target to reduce handover failure. 

In LTE Rel-14 HST, the demodulation is based on CRS for DL. Under such case, the Doppler shift received by UE from multiple RRHs are quite different, and thus it is challenging for UE to handle the Doppler shifts with the +/- maximum values from different RRHs simultaneously. In Rel-14 the advanced receiver with adapted Doppler spectrum estimation was developed for it.
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Figure 1: HST-SFN scenario

The other issue is that under such scenario the network capacity would be limited since all the RRHs is actually within the same cell. Although the first site and the last site are far enough from each other, the resource cannot be reused by using CRS transmission mode, since CRS is the cell specific reference signals. 

To improve the network capacity for SFN-HST, we intend to make each TRP transmit the signals to different UEs by using DMRS based transmission mode. Like MU-MIMO, we can associate the different users with the different DMRS sequences and then use the same resources to transmit the downlink data to them separately.
Proposal 1: it is proposed to use DMRS based transmission mode to improve the system capacity for HST-SFN scenario.
2.2   Per-UE based DL frequency pre-compensation

To use DMRS transmission mode, there would be two issues:

· CSI feedback: DMRS based transmission mode needs CSI feedback. In the high speed scenario, the CSI feedback cannot be timely provided and inaccurate. 

· Channel estimation based DMRS: DMRS is CDM-ed and two adjacent RE-s in time domain are allocated for one DMRS port. Thus the channel estimation for DMRS will be impacted significantly by high Doppler.

For the first issue, the open loop DMRS based transmission mode was introduced since Rel-14. The high layer can configure semiOpenLoop=TRUE, then UE won’t report PMI and the precoder is determined by RPB allocation, which is similar to TM3 to some extent. 

Proposal 2: It is proposed to use open-loop DMRS based transmission mode to avoid the negative impact of inaccurate CSI-RS feedback.
For the second issue, we consider the DL frequency pre-compensation. 
Firstly, BS will estimate the downlink Doppler frequency to be compensated by estimating the uplink Doppler frequency based on the received uplink channels/signals, e.g., PUCCH, PUSCH and DMRS, and then compensate the frequency of downlink channels/signals per RRH before the downlink transmission. 
In Figure 2 we show the concept where each RRH estimates the potential downlink frequency shift and compensate that shift before downlink transmission. At the receiver side, the downlink signal from that RRH would be almost zero or very small.
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(a) Without frequency pre-compensation


[image: image3.wmf]IFFT

+

CP

Mod

D

/

A

Channel

FFT

-

CP

Demod

A

/

D

S

(

k

,

l

)

IFFT

+

CP

Mod

D

/

A

Channel

+

s

l

d

T

m

f

j

k

e

x

0

,

2

p

-

s

l

d

T

m

f

j

k

e

x

1

,

2

p

-

RRH

0

RRH

1


(b) With per-UE frequency pre-compensation

Figure 2: An illumination of the frequency pre-compensation method
In that way, the orthogonality between two DMRS ports which use the same REs can be kept even though the Doppler shift before compensation is very large. Then the resource can be reused within the same cell and the system capacity can be improved.
In Rel-14 HST enhancement WI, we discussed CRS based frequency pre-compensation. The pre-compensation is conducted based CRS. The drawback is that BS can only provide the frequency compensation based on the typical users and cannot provide the UE specific compensation. When the train is just passing a RRH, the user at the head of the train and the user at the rear of the train will observe the different Doppler shift. For that scenario, CRS based compensation cannot mitigate the Doppler shift for those users.

For DMRS based frequency pre-compensation, the pre-compensation is conducted based on DMRS, which is UE specific. 
Proposal 3: It is proposed to use downlink frequency pre-compensation at BS side to mitigate the negative impact of large Doppler shift on the orthogonality between the CDM-ed DMRS ports and channel estimation based on DMRS.
2.3   Maximum supported Doppler shift
In theory, the per-UE based DL frequency pre-compensation can support very large Doppler shift as long as the Doppler shift can be accurately estimated. But in fact the maximum supported Doppler shift would be limited by the uplink Doppler estimation performance.

BS will utilize the uplink DMRS to estimate the uplink Doppler shift, which is almost double of downlink Doppler shift. The worst case would be for BS to use DMRS within PUSCH channel to estimate the Doppler shift. There are 6 symbols between two adjacent DMRS symbols. So the maximum Doppler shift which can be unambiguously estimated is 2.16kHz. If BS can use PUCCH for ACK/NACK, the maximum unambiguously estimated Doppler shift is around 15KHz.

Even for PUSCH, some advanced algorithm can be used to enlarge the unambiguous estimation range for Doppler shift.
2.4   Requirements for UE supporting DL frequency pre-compensation
As the BS has compensated Doppler shift for each UE, there would be no need for UE to do the Doppler evaluation and compensation on DMRS ports. It means UE can assume that downlink residual Doppler shift on DMRS ports is 0, which can be used as the baseline assumption although UE can further estimate the residual Doppler shift or spread. 
The other issue is the QCL relation between DMRS and CRS with respect to Doppler shift. Usually UE will assume CRS ports and DMRS ports are Quasi-collocated with respect to Doppler shift and Doppler spread, and applies the Doppler shift estimated from CRS ports to DMRS based demodulation. But for per-UE DL frequency pre-compensation UE should assume that CRS ports and DMRS ports are not Quasi-collocated with respect to Doppler shift and Doppler spread.

Proposal 4: UE is expected to assume that downlink Doppler shift on the given DMRS ports is zero and not to apply the estimated Doppler shift or spread based on CRS to DMRS ports.
3   Conclusions
In this contribution, we elaborate on the motivation and the per-UE DL frequency pre-compensation scheme. The motivation is to use DMRS based transmission modes to fully reuse the resources and improve the system capacity within a HST-SFN cell. 

To overcome the drawbacks of inaccurate CSI-RS feedback, the open-loop DMRS transmission mode is proposed. And to overcome the negative impact of large Doppler shift on the channel estimation based on CDM-ed DMRS, the per-UE DL frequency pre-compensation is proposed. 

Because of the downlink frequency pre-compensation, the residual Doppler shift on DMRS ports at the receiver side is almost zero. To support such scheme, UE is expected to assume that the downlink Doppler shift on the given DMRS ports is zero and not to apply the estimated Doppler shift or spread from CRS ports to DMRS ports in terms of demodulation.
The proposals are summarized below:
Proposal 1: it is proposed to use DMRS based transmission mode to improve the system capacity for HST-SFN scenario.
Proposal 2: It is proposed to use open-loop DMRS based transmission mode to avoid the negative impact of inaccurate CSI-RS feedback.
Proposal 3: It is proposed to use downlink frequency pre-compensation at BS side to mitigate the negative impact of large Doppler shift on the orthogonality between the CDM-ed DMRS ports and channel estimation based on DMRS.
Proposal 4: UE is expected to assume that downlink Doppler shift on the given DMRS ports is zero and not to apply the estimated Doppler shift or spread based on CRS to DMRS ports.
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