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Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]During RAN4#94-e, further discussions about NR HST transmission scheme happened, way forward on UE demodulation for NR HST [1] was approved with following candidate transmission schemes listed for further discussion:
	· DPS transmission scheme 1 (including 1a and 1b)
· It is feasible to test the transmission scheme 1 without CRI/L1-RSRP feedback 
· Whether to define new requirements and tests for DPS transmission scheme 1
· Option 1 (Qualcomm, Samsung, Ericsson): Do not consider Transmission schemes 1a and 1b for defining new requirements 
· Option 2 (Vivo, Intel, HW, CMCC): Define requirements for both 1a and 1b schemes for different UE capabilities with corresponding applicability rule
· Test setup of transmission scheme 1
· Option 1 (Ericsson, Samsung): Since the HST-SFN channel model changes the strongest path (TRP) according to the simulated UE position, TE knows the strongest path based on Ds. This means, for example, TE can transmit PDSCH from TRP#0 for distance from 0m to 500m, TRP#1 for distance from 500m to 1500m, TRP#2 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. 
· Option 2 (Intel): For Scheme 1a when only one active TCI state is configured TCI state switching is triggered by MAC CE. In this case test procedure may be as follows: 
1. UE is configured with two different TCI states associated with two different RRHs
2. PDSCH associated with TCI #0 is transmitted during the slots from 0 to (n-1) + HARQ needed time + 3ms + first TRS + TRS processing time
3. In slot n test equipment start triggering TCI state switching command by MAC CE scheduling
4. PDSCH associated with TCI #1 is transmitted in slots from n + HARQ needed time + 3ms + first TRS + TRS processing time to N.
· Option 3 (HW): Test setup of transmission scheme 1b
1. UE is configured with two different TCI states associated with two different RRHs for PDSCH by RRC signaling
2. TE activates the two TCI states at the same time by one MAC CE “TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” command
3. TE transmits PDSCH associated with TCI #0 from TRP#0 and PDSCH associated with TCI #1 from TRP#1 all the time.
4. TE transmits DCI 1_1 with TCI #0 to UE from 0m to 500ms; TE transmits DCI 1_1 with TCI #1 to UE from 500 to 1500m, etc.
· Transmission scheme 2
· Option 1 (Qualcomm, HW, Samsung, Vivo, Ericsson): Discuss transmission scheme 2 in eMIMO WI first, then discuss transmission scheme 2 in HST-SFN deployment scenario later in HST WI
· Option 2 (Ericsson, Vivo): Discuss transmission scheme 2 in eMIMO WI (including HST-SFN deployment scenario)
· Option 3 (CMCC, Intel): Discuss transmission scheme 2 with high speed scenario in NR HST WI, discuss transmission scheme 2 with non-high speed scenario in eMIMO WI
· Transmission scheme 3
· Transmission scheme 3 is not supported in Rel-16, no requirements are defined in Rel-16 HST WI.
· For the performance benefits and feasibility of transmission scheme 3
· Option 1 (QC, CMCC, HW, Samsung, Ericsson, Vivo ): Companies can bring analysis on the performance benefits and feasibility
· Option 2 (Intel): Some companies show that transmission schemes 3 provide performance benefits for HST scenario compare to JT



In this contribution, we would like to further share our views about the DPS transmission scheme for NR HST.
Discussion
DPS transmission scheme 1a and 1b
As per Annex for transmission 1a and 1b clarification [1]:
Transmission scheme 1 - DPS: PDSCH is only transmitted from one TRP at one time:
· Transmission scheme 1a: UE only needs to track 1 TCI state (detail can be found in R4-1911003)
· Transmission scheme 1b: UE needs to track more than 1 TCI states (detail can be found in R4-1911091)
The difference between DPS transmission scheme 1a and 1b is the number of TCI state to track, both are feasible for both UE and BS as per the previous discussion, the main difference is that supporting 1 TCI state is mandatory for UE and supporting more than 1 TCI states, such as 2 TCI states, is mandatory with capability signalling for UE. 
But either RRC based TCI state switch or MAC CE based TCI state switch is needed for transmission scheme 1a, longer hard switch delay is required from old TCI state to the new TCI state and interruption will happen due to one slot timing adjustment on the serving cell, bad performance is expected for this transmission scheme. DCI based TCI state switch for transmission scheme 1b requires UE to track two active TCI states at the same but indicates the current TCI state for Doppler shift estimation, there will be no switching delay for UE to acquire the new QCL assumptions from the DCI scheduling the PDSCH for FR1 and more accurate Doppler shift information without multi-path and Doppler spread issue and the improved performance compared to JT transmission scheme, it is an important and practical scenario to consider during the NR HST performance requirements discussion by making full use of the flexible time frequency signal configuration scheme owned by NR that is different from LTE fixed CRS configuration.
Tracking 2 TCI states can bring better performance compared to tracking 1 TCI state, also if UE can track two TCI states, it definitely can support to track one TCI state, so only define performance requirements for transmission scheme 1b is enough, but considering different UE capability for supporting the number of active TCI states, as a compromise, define requirements for both 1a and 1b with applicability rule is fine for us. Some company argued that the performance for 1a and 1b is same as single tap, it is not necessary to define the related requirements, as discussed in RAN4#94-e meeting, company listed the different test setup procedure for transmission 1, 1a and 1b, those proposals demonstrate the feasibility to test transmission scheme 1a and 1b that is different from single tap. The most important is that different Doppler shift change behaviour is observed by companies:
[bookmark: OLE_LINK32]The following figures in Figure 2.1-1 show that the Doppler trajectory near the switching time for single-tap, DPS 1a and DPS 1b scenario is different with TRS transmission period 10ms.
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Figure 2.1-1: Doppler shift trajectories for single-tap, DPS 1a and DPS 1b scenario
For single-tap, it will take about 3 to 4 TRS tracking points to complete the Doppler shift changes from negative to positive gradually, there is no instant Doppler shift jump from negative to positive or vice versa. 
For DPS 1a, TCI state switching can be triggered by MAC CE and the switching time is up to 40ms (HARQ needed time + 3ms + first TRS + TRS processing time). After switching to TCI state#1 is triggered, a certain time duration is needed for UE to switch to new TCI state#1 from TCI state#0 before UE starts to receive data by using TCI state#1, a certain performance degrade can be expected during this time period. For DPS 1b, TCI state switching can be triggered by DCI and there is no any switching delay for FR1. There is instant Doppler shift jump from negative to positive for both DPS 1a and DPS 1b that is different from single tap, higher Doppler shift tracking challenge is foreseen compared to single tap.
From the above analysis, we can know that there are different Doppler shift changing trajectories and UE Doppler shift tracking capability for single tap and DPS, it cannot conclude that HST single tap can cover the baseband processing for DPS 1a and 1b. RRM discussion focuses on the TRS switching time, both RAN1 core specification and RRM TRS switching time requirements are just used for the test setup for demodulation requirements, demodulation requirements focus on the baseband processing capability of handling TCI state switching and association, and the Doppler shift tracking.
Proposal 1: Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities.
Transmission scheme 2
As per Annex for transmission scheme 2 clarification [1]:
Transmission scheme 2 - PDSCH is jointly transmitted from two or more adjacent TRPs scheduled by multi-DCI (detail can be found in R4-1911091)
[bookmark: OLE_LINK36]All companies acknowledged that transmission scheme 2 is covered in the Rel-16 enhancements of NR MIMO WI, but company has different views on where and when RAN4 discuss the related aspects for HST, either discuss it together in eMIMO WI or separate the HST discuss in NR HST WI. 
The enhancements for NR MIMO WI focus on to break the restriction of backhaul delay, effectively improve the edge user rate and increase the spectrum efficiency, it is more suitable for non-ideal backhaul. RAN4 just started to discuss eMIMO WI performance requirements from last meeting with many specific parameters to decide, also some open issues from core specification are also under discussion, considering limited high speed train performance requirements, i.e. only single tap related, are defined in NR Rel-15, to speed up the high speed train WI work and guide the real testing as early as possible, it is better that focus on the current work scope for NR HST WI, and discuss transmission scheme 2 after all open others about single tap, DPS and HST-SFN are finalized.
Proposal 2: Discussion on transmission scheme 2 after all other open issues about single tap, DPS and HST-SFN are finalized in NR HST WI.
Transmission scheme 3
As per Annex for transmission scheme 3 clarification [1]:
Transmission scheme 3 - Joint transmission + Distributed reference signal (detail can be found in R4-1911003)
· joint transmission + Distributed TRS
· joint transmission + Distributed DMRS
As per the agreement in RAN4#94-e meeting, RAN4 agreed that transmission scheme 3 is not supported in Rel-16 and no requirements are defined in NR Rel-16 HST WI. RAN1 will start the NR Rel-17 further eMIMO enhancements after June and several company shared their views on specific NR HST enhancement schemes, the HST enhancements are included in the approved WID, which HST enhancements schemes will be agreed depends on RAN1 upcoming discussion.Transmission scheme 3 belongs to NR Rel-17 FeMIMO WI scope, considering the heavy workload in RAN4, maybe it is not suitable to discuss in RAN4 before RAN1 discuss it, but company can bring contributions to share their analysis and evaluations on the benefits and feasibility of transmission scheme 3 by following 3GPP contributions driven principle.
Proposal 3: Discuss transmission scheme 3 after RAN1 finalizes the specific HST enhancements transmission schemes in NR Rel-17 further MIMO enhancements WI.
Conclusion
In this contribution, we further share our views on the candidate transmission schemes for NR HST, and our proposals are:
Proposal 1: Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities.
Proposal 2: Discussion on transmission scheme 2 after all other open issues about single tap, DPS and HST-SFN are finalized in NR HST WI.
Proposal 3: Discuss transmission scheme 3 after RAN1 finalizes the specific HST enhancements transmission schemes in NR Rel-17 further MIMO enhancements WI.
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