[bookmark: _Hlk16836048][bookmark: _GoBack]3GPP TSG-RAN WG4#92 Meeting	R4-1909925
Ljubljana, Slovenia, 26 – 30 August 2019

Agenda item:	8.14.3.2
Title: 	Discussion on LTE HST UE demodulation requirements
Source: 	Intel Corporation
Document for:	Discussion
Introduction
In the previous RAN4 #91 meeting a scenario with bi-directional channel model was prioritized to define specific requirements for Rel-16 LTE HST [1].
	· Introduce TM3 test HST-SFN bi-directional scenario
· Agreed assumptions: maximum Doppler shift 972Hz, MCS 13, 2Rx
· Interested companies can provide simulation results for 4Rx, whether to introduce 4Rx test is FFS
· If needed other requirements are not precluded. If needed, signaling impact should be discussed in RAN2.
· FFS on whether to specify other tests
· Single tap HST channel for UEs without HST enhancement capability
· Uni-directional
· DMRS transmission mode


Same time requirements definition for additional scenarios including SFN unidirectional scenario, 4RX bi-directional SFN scenario, and for single tap scenario are under discussion and interested companies are encouraged to provide their opinions. In this paper we provide our view on the above aspects.
Discussion
HST-SFN scenario
Unidirectional HST-SFN scenario
The Unidirectional SFN scenario is based on a network deployment where RRHs are equipped with directional antennas. The main intention of using unidirectional model to provide a stable downlink carrier frequency as experienced by the UE when travelling at high speed. This can be achieved by arranging the RRHs in such manner that the strongest signal received by the UE has a nearly constant Doppler shift without sign-alternation. In an ideal case, the antenna side-lobe’s impact is assumed to be negligible for the unidirectional deployment and the channel model is expected to be quite similar to the single tap HST channel.
During the Rel-13 HST SI it was observed that Unidirectional scenario can use the same inter-site distance as in the bidirectional RRH arrangements and with the same total DL Tx power despite the fact that one RRH covers the whole inter-site distance. The reason is that bidirectional scenarios impose much higher ICI for the RX signal since UE cannot properly mitigate impact of Doppler effect from the signals received from the opposite directions. In addition, unidirectional scenarios has lower probability of significant receive signal fading, especially in the middle area between RRHs. Finally, unidirectional scenario allows use of conventional FO tracking and channel estimation algorithms.   
Observation #1: From the demodulation complexity point of view unidirectional scenario is less challenging than bidirectional.
In Figure 1 we provide the simulation results for the considered unidirectional scenario for 4-tap channel model. Performance was compared for different Doppler shifts and for different MCS values. The key simulation assumptions are summarized in Table 1. The directional antenna radiation pattern provided in [2] was used. Also, besides the radiation pattern, the antenna main lobe direction has a significant impact on demodulation performance and should be optimized to provide a better coverage of the antenna main lobe. In [3] it was shown that better performance had been observed for the 45 degree of main lobe direction with regard to railway track. Based on this observation we used the same approach on antenna tilt angle for performance evaluation. The main parameters of deployment, which were used in modelling are presented in table 2. 
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	Figure 1. Normalized throughput for different Doppler shifts 



Table 1. Simulation assumptions
	Parameter
	Value

	Bandwidth
	10 MHz

	MCS
	MCS#17

	Antenna configuration
	2x2

	Transmission mode
	TM3

	EVM
	6 %

	Channel estimation
	MMSE



Table 2. Parameters for unidirectional deployment
	Ds
	Dmin
	Tilt, °

	1000 m
	300 m
	45



Observation #2: For the unidirectional “4-tap” HST SFN channel model for MCS 12-17 there is no impact on demodulation performance for Doppler shift values from 800 to 1300 Hz

Therefore the results show that unidirectional scenario may potentially allow achieving better performance than bidirectional deployment under certain conditions. Meantime we note that from the UE demodulation perspective the scenario is much less challenging than the bi-directional scenario. Therefore, it is expected that UE that is capable to pass the bi-directional requirements should be capable to work under unidirectional deployments as well. Therefore, further prioritization of the work on the bi-directional scenarios is suggested.  

Observation #3: UE that is capable to pass the HST-SFN bi-directional requirements should be capable to work under unidirectional HST-SFN deployments as well

4RX for HST-SFN bi-directional scenario 
HST SFN performance requirements for bi-directional scenario were decided to be defined for 2RX UEs while 4RX requirements are FFS. In general case, UE implementation for HST-SFN channel estimation and frequency tracking does not depends on the number of RX chains. Therefore, 4RX test case will not allow verification of any additional functionality and seems redundant. Instead a conventional approach for applicability of performance requirements for 4Rx capable UEs applicability can be used as defined in TS 36.101 Clause 8.1.2.6.1. For instance, for 4Rx capable UEs the test can be performed on any of the 2 Rx supported RF bands by connecting 2 out of the 4Rx with data source from system simulator, and the other 2 Rx are connected with zero input, depending on UE’s declaration and AP configuration. Same requirements specified with 2Rx should be applied in this case. 
Proposal #1:	Do not introduce dedicated 4RX requirements for HST-SFN bidirectional scenario. 4RX capable UEs are required to pass 2RX test cases using applicability rules defined in TS 36.101 section 8.1.2.6.1
Single tap HST scenario
Single tap channel model is used for definition of LTE Rel-8 requirements for HST deployment. The single tap scenario corresponds to a general HST deployment which includes multiple RRHs deployed across the railways. In contrast to HST-SFN deployments, the single tap scenario characterizes the case when RRHs perform non-SFN transmissions to the UEs. The deployment is characterized by a distance between RRHs Ds and distance to railway track Dmin. Table 3 provides information on the respective parameters values which are used for Rel-8 requirements definition. Figure 2 illustrates Doppler shift variation for a single tap channel model with 300 km/h train speed and 2.7 GHz carrier frequency.
[bookmark: _Ref16251670]Table 3. Deployment parameters for HST single tap scenario
	Parameter
	Value, m

	DS
	300

	Dmin
	2
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	[bookmark: _Ref16251222]Figure 2. Frequency shift variation for Single tap HST model



The main motivation to define the HST single tap requirement is to verify that UE can properly handle high Doppler shift values and track fast variations of Doppler shift in the channel. Conventional UE frequency offset tracking includes coarse and fine frequency tracking steps. CRS tracking is typically used for fine frequency adjustment. Assuming that CRS are transmitted in each DL subframe, UE can perform continuous frequency tracking and overall UE can track very large Doppler shifts under assumption of using pre-FFT frequency adjustment. So, from the DL demodulation perspective the performance is mainly driven by the instantaneous residual frequency offset in the slot and support of higher speeds for single tap HST requirements should not impose substantial challenges. 
However, we note that as shown by prior RAN4 studies in TR 36.878, UL performance may potentially become a limiting factor to support high speed operation in non-SFN conditions due to ICI effects and worse Doppler tracking capabilities of PUSCH DMRS. For instance, as shown in the NR HST paper [4] in case UE applies AFC tracking its TX frequency can be adjusted towards the effective RX signal frequency, which includes the Doppler shift. Therefore, at the eNB side the RX signal may include a doubled Doppler shift component. Typical eNB implementation may use DMRS for FO tracking with post-FFT compensation loop. Hence, the performance may degrade due to high ICI. In addition, DMRS can allow ±1kHz FO estimation range which substantially limits the max supported speed. Therefore, eNB demodulation performance may become a limiting factor for supporting high speed operation in single tap scenarios unless additional enhancements to the Doppler tracking are introduced. 
Hence, we do not see much benefits in tightening DL performance requirements in terms of the max supported velocity unless similar characteristics can be supported in the UL direction.
Observation #1: UL performance and Doppler tracking capabilities may become a limiting factor for supporting high speed operation in single tap scenarios. Additional studies involving both DL and UL performance are needed before introduction of DL requirements for higher speed
Proposal #2:	Do not introduce additional DL HST single-tap scenario requirements.
Conclusion
In this contribution we provided views on the additional LTE HST requirements and in summary made the following proposals:
Proposal #1:	Do not introduce dedicated 4RX requirements for HST-SFN bidirectional scenario. 4RX capable UEs are required to pass 2RX test cases using applicability rules defined in TS 36.101 section 8.1.2.6.1
Proposal #2:	Do not introduce additional DL HST single-tap scenario requirements.
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