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1	Introduction
RAN4#92bis discussed the transmission scheme used for UE demodulation requirements with high speed train scenario and agreed with the way forward [1]. 
	· Transmission scheme
Study the feasibility and performance benefits for DPS transmission
Feasibility study should include the complexity of test equipment implementation 



We discuss the transmission scheme used for UE demodulation requirements for HST. 
2	Discussion
2.1	Transmission scheme
RAN4#92bis discussed several transmission schemes in addition to the agreed transmission schemes with single tap HST and HST-SFN channel models. Firstly in our understanding the purpose of this WI is to specify UE RRM and demodulation requirements under high speed scenario. We therefore think the scope of transmission schemes should be limited to the features introduced in Rel-15. In this sense, we should exclude the transmission schemes with multi-DCI and joint transmission with distributed reference signals because these features are not supported in Rel-15 NR.
Proposal 1: Transmission scheme in WI ‘NR support for high speed train scenario’ should be based on Rel-15 NR features.
RAN4#92 discussed the feasibility of dynamic point selection (DPS), where the network switches TRP depending on the channel condition. If we assume the DPS of two TRPs, there are two options [1]: 
· Option 1: UE only need to track one TCI state
· Option 2: UE need to track more than 1 TCI states
Option 1 is the case the UE monitors one active TCI state and it is illustrated in Figure 1. In this option, the UE monitors PDCCH with TCI#1 from TRP1 and the UE receives PDSCH with TCI#1 from TRP1 or PDSCH with TCI#2 from TRP2 according to the Transmission configuration indication in DCI 1_1. If we don’t assume TCI state changes for PDCCH with MAC CE, UE needs to receive PDCCH only from one TRP, e.g., TRP1 in Figure 1. Since PDCCH is robust compared with PDSCH, we think UE can receive PDCCH only with TCI#1 (i.e., TRP1). Another issue discussed in RAN4#92bis is this option requires the clear procedure how to switch TRPs for PDSCH transmission.



[bookmark: _Ref23175886]Figure 1	DPS with single active TCI states.
Option 2 is the case the UE monitors two active TCS states and it is illustrated in Figure 2. In this option, the UE monitors PDCCH with TCI#1 from TRP1 and PDCCH with TCI#2 from TRP2 simultaneously. In the test, TE transmits PDCCH and PDSCH with the same TCI state only from one TRP in each slot. As we discussed in RAN4#92bis, this option requires UE capable of two active TCI state monitoring. Like option 1, this option also needs the clear procedure how to switch TRPs. 


[bookmark: _Ref23252476]Figure 2	DPS with two active TCI states.
Comparing option 1 and option 2, it is observed option 1 is more feasible considering the UE capability. 
Observation 1: DPS with single active TCI state is more feasible compared with DPS with two active TCI states considering the minimum UE capabilities. 
2.2	Test setup with single active TCI state
Figure 3 is the possible reference signal configuration considering DPS option 1. The TCI configuration used for TRP1 is same configuration used for Rel-15 PDSCH demodulation requirements in TS38.101-4. In this configuration one SSB is configured as TCI state 0, and TRS#0, which is QCLed with SSB, is configured as TCI state 1. PDCCH, PDSCH, and CSI-RS for CSI estimation is QCL’ed with TCI state 1. 
To simulate TRP2, we configure the second TRS (TRS#1) which is transmitted from TRP2 and it is configured as TCI state 2. CSI-RS for CSI estimation and PDSCH from TRP2 are QCL’ed with TCI state 2. During the test, TCI state 1 is configured as active TCI state for PDCCH CORESET. PDSCH transmissions are switched between TCI state 1 and 2 using DCI 1_1. 


[bookmark: _Ref23255685]Figure 3	Reference signal configuration for DPS with single active TCI state. 

Finally we discuss how to switch TRPs. As we discussed in RAN4#92bis the correct TRP selection affects to the final UE throughput. In the real network environment, the network may rely on the CRI/L1-RSRP feedback from UE to decide the TRP to transmit PDSCH. However if TE switches TRP based on the L1-RSRP reporting from the UE, the final throughput is impacted not only be PDCCH/PDSCH demodulation performance but also L1-RSRP measurement performance. Since it is UE demodulation requirements, the test should avoid the impact by L1-RSRP feedback.
According to the discussion in RAN#92bis, DPS assumes the SHT-SFN channel model but with 2 TRPs. Figure 4 left shows the relative path power of from TRP with Ds=1000ms and Dmin=50ms. Since the HST-SFN channel model changes the strongest path (TRP) according to the simulated UE position, TE should know the strongest path based on Ds, for example, TE can transmit PDSCH from TRP0 for distance from 0m to 500m, TRP1 for distance from 500m to 1500m, TRP2 for distance from 1500m to 2500, etc. With this deterministic selection, it is possible to simulate the DPS without CRI/L1-RSRP feedback from UE. 
Observation 2: It is feasible to test the DPS with HST-SFN channel model without CRI/L1-RSRP feedback. 
Figure 4 right shows the Doppler shift when the strongest TRP is selected according the Figure 4 left, where we assumed v=350km/h and fc=2.7GHz. From UE point of view this is a single tap channel but the difference from HST single tap is the huge Doppler shift jump from -875Hz to +875Hz when TE switches the TRP. However it is the same change for the HST-SFN model because we assume the advanced frequency tracking method follows the frequency shift of the strongest path. 
[image: ] [image: ]
[bookmark: _Ref23265496]Figure 4	Relative path power from TRP with 2-tap HST SFN (left) and Doppler shift from the strongest TRP (right). 

3	Summary
We observed the dynamic point switching with single active TCI state is feasible with the single active TCI state. We also showed how to set up this test in RAN4 UE demodulation requirements without L1-RSRP feedback from UE. 
[bookmark: _GoBack]From the observation, UE does not need advanced receiver used for HST-SFN, but UE needs to handle the big Doppler shift jump. We think RAN4 need discuss further the motivation to introduce PDSCH demodulation requirement assuming DPS in HST WI.
Proposal 1: Transmission scheme in WI ‘NR support for high speed train scenario’ should be based on Rel-15 NR features.
Observation 1: DPS with single active TCI state is more feasible compared with DPS with two active TCI states considering the minimum UE capabilities. 
Observation 2: It is feasible to test the DPS with HST-SFN channel model without CRI/L1-RSRP feedback. 
Proposal 2: RAN4 need discuss further the motivation to introduce PDSCH demodulation requirement assuming DPS in HST WI.
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