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1 Introduction
A HST SI objective is to identify new conditions that affect the system performance, including BS demodulation, UE demodulation, and UE RRM performance for the new high speed train (HST) scenarios. Under the identified conditions, this contribution propose RRH deployment methods and UE behaviours for HST UE performance improvement.
2 TP proposal
6.4
UE Demodulation requirements enhancements under identified high speed scenarios

-------------------------------------------- -- Start of Change ---------------------------------------------

6.4.3
Possible essential enhancement options
6.4.3.1
HST RRH with distributed orthogonal antenna ports (DOAP)

One solution to improve UE demodulation performance in the HST SFN deployments is to use a combination of the SFN data signal (e.g. PDSCH) transmissions from different RRHs and orthogonal non-SFN reference signal transmission from different RRHs on orthogonal antenna ports (Distributed Orthogonal Antenna Ports). In the latter case, a HST enhanced UE (HeUE) may estimate the propagation channel for each RRH using the reference signal and use this information to improve the demodulation of the combined SFN data signal.

RRH deployment with Distributed Orthogonal Antenna Ports (DOAP)
In this section, a HST RRH deployment with distributed reference signal transmission using orthogonal antenna ports is proposed to combat with the problem of large opposite Doppler shifts at the UE side.

The outlines of proposed RRH deployment scenarios are as below:

(i) CRS-TM deployment scenario : 

· SFN RRHs use CRS-based PDSCH transmission modes.
· All RRHs in a SFN group transmit same PDSCH payload simultaneously (i.e. joint transmission for data);
· In the RRH deployment along the train rail, a subset of RRHs (e.g. odd-numbered RRHs) may use one antenna port (or a pair of APs like AP1 or AP3) and another subset of RRHs (e.g. even-numbered RRHs) use another antenna port (e.g. AP0 or AP2);

· Different subsets of RRHs transmit reference signals using different AP(s) in SFN. The corresponding CRSs are orthogonal. The CRS APs in the deployment builds DOAPs.

(ii) DMRS-TM deployment scenario : 

· SFN RRHs use DMRS-based PDSCH transmission modes (i.e. TM 8, 9 or 10).
· All RRHs in a SFN group transmit same PDSCH payload simultaneously (i.e. joint transmission for data);
· In the RRH deployment along the train rail, a subset of RRHs (e.g. odd-numbered RRHs) may use one antenna port (e.g. AP7 or AP8) and another subset of RRHs (e.g. even-numbered RRHs) use another antenna port (e.g. AP9 or AP10);

· The odd- and even-numbered RRHs transmit reference signals using different AP(s) in SFN. The corresponding DMRSs are orthogonal. The DMRS APs in the deployment builds DOAPs.

Figure 1 is an example of RRH deployment scenario with DMRS DOAPs. CRS-TMs network can be deployed with the same concept.
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Fig.1 Conceptual diagram of DMRS-TM transmission from RRHs along rail to high speed train
Signal processing at the UE
Using the DOAP approach, the HST enhanced UE (HeUE) can take advantage of the orthogonality property of APs to handle the opposite Doppler shifts effect using time/frequency tracking and channel estimation. Channel propagation parameters such as Doppler spread, Doppler shift, delay spread, delay shift, average gain can be estimated per DOAP, which means estimations per a RRH-HeUE channel link.
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Fig. 2 UE channel parameter estimations per DOAP
· From the receiver perspective, the UE is able to execute channel parameter estimations per DOAP. PDSCH received signal appears like joint transmission received signal in SFN. Compensation can be applied per DOAP in CRS-TMs, and per a layer in DMRS-TMs.
· A HST receiver can select a MIMO stream (or a layer) depending on signal quality. Alternatively, the receiver can combine the multiple layers’ signals for performance improvement.
-------------------------------------------- -- End of Change ---------------------------------------------
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