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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]The WF on UE demodulation for NR HST [1] was approved in RAN #92bis meeting. In this paper, four candidates of transmission schemes for HST listed in [1] are discussed.
2	Discussion for Candidates of HST Transmission Schemes
2.1 Transmission Scheme 1A: DPS with one TCI state tracked
The scheme is proposed in the RAN4#92bis meeting by Intel. As the figure 2.1, UE tracks two SSBs simultaneously from two RRHs and receives TRS/PDCCH/PDSCH only from the closest RRH. UE is informed to perform TCI state change (DCI-based triggering for PDSCH, MAC-CE based triggering for PDCCH and RRC reconfiguration for CQI reporting) when RSRP of another SSB is larger than RSRP of SSB attached by UE based on SSB measurement.
[bookmark: _GoBack]UE is not required to perform timing and frequency tracking on neighboring beams. Therefore, at the moment of reception of PDSCH/PDCCH/TRS is changed from one RRH to another, time for frequency tracking is required and it may take several TRS periods for the UE to track frequency to a certain accuracy level. The scheme is similar to that of cell handover with only the difference that handover procedure takes much longer time to make UE receive data from cell or RRH than TCI state change.
From view of UE demodulation, it has nothing different than the channel model of HST 1-tap channel. If UE has capability of demodulation for HST 1-tap, it would naturally support both of the scheme and handover mechanism. So it is not necessary to define requirements for this scheme. We suggest not to consider this transmission scheme as requirement.
Proposal #1: Do not consider Transmission Scheme 1A (DPS with one TCI state tracked) for requirement since its channel model is the same as HST 1-tap channel which is one of agreed scenario as requirement.
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Figure 2.1 Transmission Scheme 1A: DPS with one TCI state tracked

2.2 Transmission Scheme 1B: DPS with more than one TCI state tracked
Each RRH have two SSB beams which are SSB0 and SSB1 transmitted from two sectors, respectively. UE receives data from two RRHs with the direction chosen by larger signal strength with one SSB index. UE suffers either positive or negative Doppler frequency at a time. So that it may ease demodulation complexity. However, UE needs to monitor the SSB/TRS for the two beams, which increases UE’s complexity on time/frequency synchronization. Further, when UE travels across the boundary of different beams, data interruption or latency is inevitable since TCI change is required (DCI-based triggering for PDSCH, MAC-CE based triggering for PDCCH and RRC reconfiguration for CQI reporting). As Figure 2.2 shows, UE switches to next Tx beam (SSB index) per half distance of RRH spacing. From view of base station, there is possibility to increase capacity by SDMA.
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Figure 2.2 Transmission Scheme 1B: DPS with more than one TCI state tracked
In [4] and [5], it is mentioned there are two occasions for TCI state change. One is in middle location of two RRHs and another is at location closest to RRH as shown in Figure 2.3 which provides the power profile for the scheme 1B with agreed setting, 700m and  150m with antenna pattern used in the paper [7]. 
The robustness of beam management operation around location A in Figure 2.4 is still doubtful.
· The SSB1 may not be detectable (e.g., SNR ≥ -6dB) before 5s, because the received power is too low. This means UE has roughly less than 50ms before location A to measure SSB1 accurately and report its RSRP to network. Late reporting leads to late TCI state change and consequently throughput loss.
· Even if UE is able to detect SSB1 and repot the RSRP, network may not have the confidence on when to trigger TCI state change because of the measurement accuracy, e.g., ±3dB relative L1-RSRP measurement accuracy in Table 10.1.19.1.2-1 of TS38.133. To accommodate this measurement uncertainty as well as some small scale fading, network may need to add some additional margin (e.g., 3dB in Figure 2.4). In that case, Network also has a limited time to trigger TCI state change before location A. 
· Measurement delay is also one concern. When UE approaches to location A as shown in the Figure 2.4, there is uncertainty of time for UE to finish beam switch near those two occasions in high speed scenario. For example, if UE just receives SSB at location A but  still does not yet report it to the network or does not get TCI switch command from gNB due to scheduling, throughput drop happens after location A and before TCI switch is done. The duration could be time of SSB period which is 20ms plus TCI switch time (which may be 3ms based on MAC CE and 10ms based on RRC). If measurement gap is configured, UE takes time of more than 20ms for SSB measurement. All above factors leading to additional measurement delay may result extra through loss. 
Although this scheme has one side Doppler frequency for better data demodulation, throughput degradation due to frequent TCI state change is still needed to be further studied.
Proposal #2: Throughput degradation due to frequent TCI state change for transmission scheme 1B (DPS with more than one TCI state tracked) is still needed to be further studied.
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Figure 2.3 Power profile for transmission scheme 1B
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Figure 2.4 Zoom in of Power profile for transmission scheme 1B

2.3 Transmission Scheme 2: Non-coherent joint transmission
In this scheme, different PDSCH signals can be jointly transmitted from two or more adjacent RRHs scheduled by different DCIs. Non-coherent joint transmission scheme is currently discussed in Rel-16 eMIMO WI. So we suggest to leave the scheme discussed after complete of Rel-16 eMIMO feature.
Proposal #3: Leave Transmission Scheme 2 (Non-coherent joint transmission) discussion after complete of Rel-16 eMIMO feature.
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Figure 2.5 Transmission Scheme 2: Non-coherent joint transmission
2.4 Transmission Scheme 3: Joint transmission with distributed TRS/DMRS
In this scheme which is proposed in [3], PDSCH/PDCCH are transmitted simultaneously so UE experiences bidirectional multi-path for demodulation of PDSCH. Different TCI states or DMRS ports are configured for different TRS or DMRS for each RRH. It gives UEs more room to accurately track time and frequency offsets especially in such typical case when frequency offset drift is presented.
However, the scheme requires:
· Modification of specification to support PDCCH and PDSCH are associated with several TCI states/DMRS ports.
· UE needs to support combining propagation conditions of TRSs/DMRSs associated with these TCI states corresponding to different PDSCHs and PDCCHs
So far, R-15 and R-16 does not support this kind of configuration.  Besides, not all UEs are able to support such an advanced receiver which combines channel conditions from distributed TRSs/DMRSs. Based on those two reasons, we think it is not suitable to consider the transmission scheme for requirements.
Proposal #4: Do not consider Transmission Scheme 3 (Joint transmission with distributed TRS/DMRS) for requirements because R-15 and R-16 do not support it and not all of UE support advanced reception with TRS/DMRS combining.
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Figure 2.6 Transmission Scheme 3: Joint transmission with distributed TRS
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Figure 2.7 Transmission Scheme 3: Joint transmission with distributed DMRS
3	Conclusions
In this contribution we have some discussion for candidates of HST transmission scheme. Following proposals were made:
Proposal #1: Do not consider Transmission Scheme 1A (DPS with one TCI state tracked) for requirement since its channel model is the same as HST 1-tap channel which is one of agreed scenario as requirement.
Proposal #2: Throughput degradation due to frequent TCI state change for transmission scheme 1B (DPS with more than one TCI state tracked) is still needed to be further studied.
Proposal #3: Leave Transmission Scheme 2 (Non-coherent joint transmission) discussion after complete of Rel-16 eMIMO feature.
Proposal #4: Do not consider Transmission Scheme 3 (Joint transmission with distributed TRS/DMRS) for requirements because R-15 and R-16 do not support it and not all of UE support advanced reception with TRS/DMRS combining.
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