3GPP TSG-RAN WG4 Meeting #91
 R4-1906789
Reno, USA, May 13 – 17, 2019
Title: 
on UE demod performance for LTE HST Rel-16
Source: 
Huawei, HiSilicon
Agenda item:
7.15.4
Document for:
Discussion
1   Background
During RAN4 #90bis 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 analysis on DMRS based transmission for Rel-16 LTE UE HST.
2   Discussion
2.1   DMRS based transmission scheme

In the last meeting, we provide the DMRS based transmission solution for HST-SFN, the key aspects can be summarized as:

·    To improve the network capacity for HST-SFN, we intend to make each TRP to transmit the signals to different UEs on the same resources by using DMRS based transmission mode, which is like MU-MIMO.

·    Considering the channel estimation based on DMRS would be impacted significantly by high Doppler, we introduce the DL frequency pre-compensation. BS will estimate the downlink Doppler frequency to be compensated by estimating the uplink Doppler frequency based on the received uplink channels/signals, and then compensate the frequency of downlink channels/signals per RRH before the downlink transmission. At the receiver side, the downlink signal from that RRH would be almost zero or very small. The pre-compensation is conducted based on DMRS, which is UE specific.
·    DMRS based transmission mode needs CSI feedback. In the high speed scenario, the CSI feedback cannot be timely provided and inaccurate. It can use the open loop DMRS based transmission mode which 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. 
·    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.
2.2   Potential impact on UE implementation raised in the last meeting
For pre-compensation based on DMRS solution, companies have concern on the QCL relation between CRS and DMRS. Generally DRMS will use the estimation result from CRS on frequency shift including the Doppler shift and other aspects, e.g. temperature shift.  For HST-SFN bi-directional scenario, the uplink DMRS frequency shift may not the same as in downlink CRS. Thus DMRS and CRS need to decouple QCL relation for Doppler shift and Doppler spread. In TS 36.213, type B QCL relation is defined as relation with CSI-RS. Thus, two tracking loops for DMRS and CRS is needed for UE side. But for DMRS based transmission, UE do not need to estimate on the Doppler shift, DMRS can do delay spread estimation which is required in nature. UE can set Doppler shift as 0 because BS has already pre-compensate it for UEs. However, we admit that UE need to switch between DMRS based and original CRS based which is depending on whether network can support it. 
The other issue is that comparison on DMRS based transmission and TM3 TDM mode. There are comments raised that TM3 TDM mode can also provide the capacity improvement. Actually TDM mode cannot increase the user number within one cell at the same time. Considering there are high requirement on mobile service in the train, we think the capacity problem is severe for HST-SFN scenario. Since two TRPs on the same RRU can transmit signals on different directions, we think 2 UEs are relatively far from each other can benefit from the DMRS based transmission since there is little interference between them.
UE behavior on frequency shift compensation is to tracking with DL signal then generate the signal oscillating at Fc+Δf, and UE will also transmit signal on this frequency. From BS side, it can receive the signal which operates at Fc+Δf+ΔfBS. BS shall pre-compensate this -ΔfBS for each UE by using DMRS. Therefore UE and gNB can operate on the consistent frequency on uplink and downlink. For bi-directional scenario, there may small frequency shift left when the UE is moving from + shift to –shift, but the performance would be better than UE compensating Doppler shift with 500km/h. For +Doppler to – Doppler change point with 500km/h，UE may lose synchronization when estimating error is happened.   
For the two tracking loops on UE side, we do not see much work needed since DMRS is also can be used as spread estimation in general usage. However for the concerns that the switch function and more work introduced by the decoupling on DMRS and CRS, we can define UE capability on DMRS based transmission for HST. When UE reports it can support the related function and the network configures type B QCL relation, the DMRS based transmission for HST-SFN is applied.

Proposal 1: DMRS based transmission mode is included in Rel-16 LTE HST WI.
Proposal 2: Introduce UE capability on DMRS based transmission for HST Rel-16, and the network can signal UE to switch on by configure type B QCL relation.
2.3   Simulation result with DMRS based transmission
We simulate TM3 without pre-compensation and TM9 open loop with pre-compensation for PDSCH under bi-directional channel for HST-SFN. The results can be seen in Fig.1. With pre-compensation, close to 0 Doppler shift could be assumed by UE, since there is local oscillator error which is primary estimated by CRS, we can assume a small frequency error residual for worst case. In fact, UE is possibly do better than 0.1ppm.

Fig 1. Simulation results

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. 

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.
Considering the UE need to switch on/off the DMRS and CRS tracking loops with/without QCL relation, we have proposal as following:

Proposal 1: DMRS based transmission mode is included in Rel-16 LTE HST WI.

Proposal 2: Introduce UE capability on DMRS based transmission for HST Rel-16, and the network can signal UE to switch on by configure type B QCL relation.
For simulation result, we compare the DL demodulation performance on 500km/h and small frequency shift for UE to tracking with, which can be seen in Fig 1.
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