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1 	Introduction
In RAN#84 meeting, the WI for NR HST was agreed [1]. In last RAN4 meeting, there was discussion about transmission scheme. In the ad hoc meeting minutes [2], 3 options were listed.
	Option 1: HST-SFN with joint transmission (CMCC, Intel, Huawei)
Option 2: HST-SFN with DPS transmission (CMCC, Huawei)
Option 3: Non-SFN RS transmission (non-SFN DMRS transmission and SFN PDSCH transmission) (Intel)


Also, agreements were achieved as below.
	Agreement
Focus on Rel-15 RAN1 physical layer design in this WI first. Rel-16 RAN1 design can be discussed later.
HST-SFN with joint transmission. 
Study the feasibility and performance benefits for HST-SFN with DPS transmission


Motivated by the last agreement, this paper discusses the feasibility of HST-SFN with DPS transmission from the aspect of beam management. 
2 Discussion
There are many variations for DPS transmission scheme. In this paper, we focus on the case shown in Figure 1. The detail channel models are provided in our companion paper [2]. The conclusions of this paper is generic and can be extended to other variations. 
In Figure 1, each RRH is deployed to form 2 Tx beams. One beam (Tx beam #1) is used to carry SSB#1 and the other (Tx beam #2) for SSB#2. Obviously, this deployment has the benefit of higher system throughput. For users that are much closed to Tx beam #1, the interference due to simultaneous transmission from Tx beam #2 could be very small. Therefore, Tx beam #2 can be used to transmit data to other users at the same time when Tx beam #1 is transmitting. 
[bookmark: _Ref20684787]Observation 1: DPS transmission scheme could achieve high system throughput by simultaneously transmitting signals from 2 Tx beams to different users.
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[bookmark: _Ref20680290]Figure 1. One of the HST-SFN DPS transmission scheme

However, DPS transmission scheme also requires frequent Tx beam switch. According to R15 baseline, only one single TCI state can be activated for PDCCH through MAC CE to UE. Therefore, when UE is entering the serving region of the other Tx beam, network needs to transmit MAC CE to the UE to change the activated TCI-state of PDCCH. The same thing happens for CQI reporting. The baseline UE is only capable of reporting one CSI process. Network needs to re-configure CSI-RS, e.g., to be QCL-ed to the other SSB. So that UE can report the CQI/PMI/RI with respect to the correct Tx beam. Either the TCI-state activation through MAC CE or CSI-RS reconfiguration through RRC takes some time. This is the additional overhead that needs to be considered in DPS transmission scheme.
[bookmark: _Ref20684789]Observation 2: Additional overhead for beam management needs to be considered in DPS transmission scheme, e.g., MAC CE based TCI-state switch for PDCCH and RRC based reconfiguration of CSI-RS for CQI reporting. 

Now, we take a closer look on the beam management process. In our understanding, the whole process can be divided into following 4 steps
Step 1. UE measures the L1-RSRP of both beams.
Step 2. UE reports the results of L1-RSRP to network
Step 3. Network triggers TCI-state switch for PDCCH and CQI based on UE’s L1-RSRP report
Step 4. UE starts the TCI-state switch process
We can see that L1-RSRP report is the key for network to know when to trigger TCI-state switch. Therefore, we plot the time-variant received power from SSB#0 and SSB#1 in Figure 2. 
[image: ]
[bookmark: _Ref20682204]Figure 2. UE’s received power from SSB#0 and SSB#1 between point A and B in Figure 1.

In Figure 2, we highlight 2 types of TCI-state switch points. 
· TCI-state switch point I: 
· Before the crossing point, the received power of SSB#1 decreases gradually, and the received power of SSB#2 increases gradually. Therefore, network can see the L1-RSRP of 2 SSBs are getting closed to each other gradually. It is easier for network to set a suitable threshold based on the L1-RSRP difference to trigger TCI-state switch.
· Even after the crossing point, the L1-RSRP of the 2 beams are still closed to each other. According to current requirements of TCI-state switch, UE should keep monitoring the PDCCH with old TCI after receiving MAC CE and before the switch delay. The decoding performance during this interval can still be guaranteed. 
· In summary, the slowly changing of the L1-RSRP of both Tx beams gives some margin to the network on the timing of triggering TCI-state switch. The system is robust enough even if the triggering comes a little bit late or a little bit early.
· TCI-state switch point II:
· Before the crossing point, the received power of SSB#1 is far lower than the received power of SSB#2. The difference could be up to 50dB. Note that in Table 10.1.6.1-2 of TS38.133, the reporting mapping of differential L1-RSRP is up to 30dB only. This means that UE is not able to maintain correct L1-RSRP report for the weaker beam. In other words, network will have no idea about the L1-RSRP of the weaker beam when UE is much closed to the RRH. Therefore, it is very difficult for network to set the criterion to trigger TCI-state switch for switch point II. Even if the reporting range of the differential L1-RSRP can be extended, the weaker beam may still in a channel condition where the L1-RSRP reporting accuracy is not guaranteed.
[bookmark: _Ref20684791]Observation 3: Due to the limit of differential L1-RSRP report mapping, network has no idea about the L1-RSRP of the weaker beam when UE is much closed to the RRH.
· The timing of triggering the TCI-state switch is also very tricky. Early triggering would result a very poor performance because UE still observes very low L1-RSRP of the new Tx beam. Late triggering is also problematic because it may not be guaranteed that UE can still receive the triggering command from the old beam after passing the crossing point. 
· The consequence of failing to trigger TCI-state switch at switch point II is really bad. UE would have to keep using the old TCI-state for PDCCH reception and CQI reporting until the L1-RSRP of SSB#0 becomes comparable with SSB#1. This interval could be up to 3 sec, while the switch happens roughly every 7 sec, according to Figure 1. This would result a poor user experience.
[bookmark: _Ref20684793]Observation 4: Fail to trigger TCI-state switch when UE is much closed to RRH would results a poor decoding performance for an interval of 3 sec in every 7 sec. This is a high impact to user experience. 

In above discussion, we analyze the pros and cons for HST-SFN DPS transmission scheme. We see the benefit of this scheme on the system throughput, but also see the robustness issue in TCI-state switch when UE is much closed to the RRH. We suggest that RAN4 to consider other DPS transmission scheme to avoid TCI-state switch when UE is much closed to the RRH.
[bookmark: _Ref20684798]Proposal 1: RAN4 to consider other DPS transmission schemes to avoid TCI-state switch when UE is much closed to the RRH. 

3 Summary
In this paper, we provide our view on the HST-SFN DPS transmission scheme. We have the following observations and proposals.
Observation 1: DPS transmission scheme could achieve high system throughput by simultaneously transmitting signals from 2 Tx beams to different users.
Observation 2: Additional overhead for beam management needs to be considered in DPS transmission scheme, e.g., MAC CE based TCI-state switch for PDCCH and RRC based reconfiguration of CSI-RS for CQI reporting.
Observation 3: Due to the limit of differential L1-RSRP report mapping, network has no idea about the L1-RSRP of the weaker beam when UE is much closed to the RRH.
Observation 4: Fail to trigger TCI-state switch when UE is much closed to RRH would results a poor decoding performance for an interval of 3 sec in every 7 sec. This is a high impact to user experience.
Proposal 1: RAN4 to consider other DPS transmission schemes to avoid TCI-state switch when UE is much closed to the RRH.
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