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Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]During RAN4#94-e-Bis, way forward on UE demodulation for NR HST [1] was approved with following agreements on transmission schemes:
	· DPS transmission scheme 1 (including 1a and 1b)
· Further discuss the test case design for DPS transmission scheme 1, and verify whether new specific UE receiver processing from demod aspect required compared to UE to handle HST-single Tap and HST-SFN channel model.
· Transmission scheme 2
· Discuss transmission scheme 2 in eMIMO WI first, then discuss transmission scheme 2 in HST-SFN deployment scenario later after the parameters in eMIMO WI are finalized and HST WI has sufficient TUs for discussion.
· Transmission scheme 3
· No more discussion and treatment for transmission scheme 3 in Rel-16 HST WI.
· Regarding benefits observation: “capture in session note for information”: 
· During RAN4 discussion for transmission schemes 3, RAN4 no conclusion for the benefit due to lack of enough input from companies also lack of involvement of RAN1/RAN2; there is one observation from single company Link-level evaluation results show that transmission schemes 3 provide potential performance benefits for HST scenario.



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
Based on the previous discussion, RAN4 confirmed the feasiblity to test DPS 1a and DPS 1b, now the concern is whether there is new UE receiver processing for DPS compared to HST single-tap and HST-SFN channel mode. From our point of view, at least there are differences from following three aspects:
- Different channel mode and test setup: this is clear for all company, corresponding test setup procedure are proposed by companies during RAN4#94-e and  RAN4#95-e-Bis [3~4], as per our understanding, further updates as following:
	Transmission scheme DPS 1a:
1. UE is configured with two different TCI states associated with two different RRHs by RRC signalling tci-StatesToAddModList in the PDSCH-Config and tci-PresentInDCI is not configured;
2. TE actives TCI #0 for PDCCH by “TCI State Indication for UE-specific PDCCH MAC CE”;
3. PDSCH associated with TCI #0 is transmitted during the slots from 0 to (n-1) + HARQ needed time + 3ms + first TRS + TRS processing time;
4. In slot n  TE start triggering TCI state switching command to TCI #1 by “TCI State Indication for UE-specific PDCCH MAC CE”;
5. PDSCH associated with TCI #1 is transmitted in slots from n + HARQ needed time + 3ms + first TRS + TRS processing time to N. 
where n slots are equivalent to time that needed to pass middle point between two RRHs, N slots is equivalent to time that needed to pass second RRH


	Transmission scheme DPS 1b:
Option 1 (total 2 active TCI states): PDCCH TCI state switching delay caused by MAC CE, but less than DPS 1a with pre-tracking of second TCI state and only HARQ needed time + 3ms delay is needed, UE tracks 2 active TCI states in advance so that UE can quickly get better Doppler shift estimation for the second TRP compared to DPS 1a.
1. UE is configured with two different TCI states (TCI #0 and TCI #1) associated with two different RRHs by RRC signalling tci-StatesToAddModList in the PDSCH-Config and tci-PresentInDCI is not configured;
2. TE activates TCI #0 and TCI #1 for PDSCH at the same time by “TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” and activates TCI #0 for PDCCH by “TCI State Indication for UE-specific PDCCH MAC CE” command with the field of CORESET ID set to 0;
3. TE transmits PDCCH and PDSCH associated with TCI #0 from TRP#1 from slot 0 to n-1;
4. In slot n  TE start triggering TCI state switching command to TCI #1 by “TCI State Indication for UE-specific PDCCH MAC CE”;
5. TE transmits PDCCH and PDSCH associated with TCI #1 from TRP#2 from slot n to N.

Option 2 (Total 3 active TCI states): No PDCCH TCI state switching delay by using MAC CE, but 3 active TCI states to track, UE needs to report supporting of maxNumberActiveTCI-PerBWP = n4
1. UE is configured with three different TCI states (TCI #0, TCI #1 and TCI #2) associated with two different RRHs by RRC signalling tci-StatesToAddModList in the PDSCH-Config;
2. TE activates TCI #0 and TCI #1 for PDSCH at the same time by “TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” and activates TCI #2 for PDCCH by “TCI State Indication for UE-specific PDCCH MAC CE” command with the field of CORESET ID set to 0;
3. TE transmits PDCCH associated with TCI#2 from TRP#1 and TRP#2 from slot 0 to N
4. DCI contains pointer to TCI#0 from slot 0 to n-1 and pointer to TCI#1 from slot n to N 
5. TE transmits PDSCH associated with TCI #0 from TRP#0 from slot 0 to n-1
6. TE transmits PDSCH associated with TCI #1 from TRP#1 from slot n to N
where n slots are equivalent to time that needed to pass middle point between two RRHs, N slots is equivalent to time that needed to pass second RRH




- Different TCI state processing: whatever DPS 1a or DPS 1b, there are TCI state switching from TRP#0 and TRP#1 by RRC signalling, MAC CE or DCI based. Fixed TCI state is staticly configured by RRC signalling and no switching during the whole testing for HST single-tap and HST-SFN, to achieve better Doppler shift estimation, correct TCI state tracking capability is important to demodulation requirements, especially under high speed condition.
- Different Doppler trajectory and Doppler shift estimation capability: There is sharp Doppler shift change at the TCI switching point as shown in Figure 2.1-1 for DPS, but slow Doppler shift change for HST single-tap and HST-SFN, so this requires higher UE Doppler shift estimation capability for DPS compared to HST single-tap and HST-SFN.
[bookmark: OLE_LINK32]The following figures in Figure 2.1-1 show that the Doppler trajectory for single-tap, DPS and HST-SFN scenarios with TRS transmission period 10ms. only near the switching time is compared for single-tap and DPS, while the whole Doppler trajectory between two RRUs is figured for HST-SFN scenario.
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	Figure 2.1-1: Doppler shift trajectories for HST single-tap, DPS and HST-SFN



For HST 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 HST-SFN, there are 4 taps in the agreed channel mode, the corresponding Doppler shift trajectories as shown in Figure 2.1-1, there is slow Doppler shift change at the switching point between two TRPs. Some company argued that UE can only track the strongest tap in HST-SFN in which it is similar to HST DPS, firstly we think that only tracking the strongest path is not typical processing, it is based on the specific channel model, in real network, maybe UE can find the strongest path by using the strongest received power, but UE cannot figure out the exact Doppler shift for the strongest path, because it is combined signal at any time.
Secondly there is worse performance by only tracking the strongest path compared to tracking 4 paths at the same time based on our evaluations, as Figure 2.1-2 shows.
[image: ]
Figure 2.1-2: HST-SFN demodulation performance
From the above analysis, we can know that there are different UE receiver processing capability from demodulation aspects for DPS compared to HST single-tap and HST-SFN, it cannot conclude that HST single tap or HST-SFN can cover the baseband processing for DPS 1a and 1b. RRM test cases is used to verify the active TCI state switch delay requirements for FR2 under AWGN, both RAN1 core specification and RRM TCI state switching time delay 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.
Observation 1: Different UE receiver processing from demodulation requirements for DPS compared to HST single-tap and HST-SFN channel model. 
Proposal 1: Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities. For UE supporting tracking two active TCI states, the requirement for DPS 1a can be skipped.
Conclusion
In this contribution, we further share our views on the candidate transmission schemes for NR HST, and our proposals are:
Observation 1: Different UE receiver processing from demodulation requirements for DPS compared to HST single-tap and HST-SFN channel model. 

Proposal 1: Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities. For UE supporting tracking two active TCI states, the requirement for DPS 1a can be skipped.
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