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Background
During RAN4#103-e meeting, WF [1] on demodulation requirement for Enhancement on HST-SFN deployment was approved. In this contribution, we share our views about the UE FeMIMO HST-SFN demodulation requirements.
Discussion
Test setup for SFN scheme A
Maximum Doppler shift
	· RAN4 will make final decision about the value of Maximum Doppler shift in RAN4#104-e meeting based on the simulation results, e.g. compare the required SNR to achieve 70% of peak rate with MCS17 (or MCS13) with rank 2.
· Option 1: 870Hz (baseline)
· Option 2: 972Hz
· Encourage interested companies provide the simulation results for both Options in RAN4#104-e meeting.



[bookmark: _Hlk110586265][bookmark: _Hlk110586253]For the maximum Doppler shift, we prefer to reuse the value from Rel-16 HST-SFN since it is derived from the maximum UE TRS tracking capability and aligned with the half of uplink Doppler. Generally, UE can be assumed with one phase-locked loop corresponding to one certain TCI state and maintenance the differential Doppler value corresponding to other TCI states. It is not feasible to consider 972Hz Doppler for 15kHz SCS since it exceeds the maximum UE TRS tracking capability for 15kHz and cause the “Doppler wrap” issue so that UE cannot correctly derive the Doppler value for the maintained TCI state. As per our contribution [2], the simulation results also showed that maximum Doppler 972Hz for 15kHz SCS cannot achieve the maximum throughput. Therefore, we propose to select maximum Doppler 870Hz for 15kHz SCS for HST-SFN scheme A.
Select maximum Doppler 870Hz for 15kHz SCS for HST-SFN scheme A.
MCS & Rank
	· MCS17 rank 2 as the baseline. 
· RAN4 may consider MCS13 rank 2 according to the simulation results



As per our simulation results [2], MCS 17 with rank 2 is feasible for HST SFN scheme A. So we prefer to select MCS 17 and rank 2 for HST SFN scheme A.
Select MCS 17 and rank 2 for HST SFN scheme A.
1.1 Test scope and test setup for SFN scheme B
1.1.1 Whether to define PDSCH requirement with HST-SFN scheme B
	· Option 1: Introduced the PDSCH requirement with HST-SFN B under test applicability rule 
· FFS on the pre-compensation modeling  
· Option 2: Not to introduce the PDSCH requirement with HST-SFN B



Firstly scheme A and scheme B need two TCI states that is different from SFN or single-tap scheme that has only one TCI state. For scheme A and scheme B, they are different UE features defined from RAN1, there is necessity to define requirements for both of them to ensure the test coverage since UE may only support only one of them. In addition, scheme A and scheme B have different propagation conditions that require different UE processing algorithm. For delay, both scheme A and scheme B have two taps with two corresponding TCI state to track. For Doppler, scheme A has two taps with two corresponding TCI to track while scheme B has only one TCI state that is associated to one TRP to track. For scheme, from UE processing point of view, UE still needs to estimate the Doppler pre-compensation error between two TRP for channel estimation, otherwise the performance can be degraded obviously if there is larger pre-compensation error between different TRP, as per our simulation results [2]. Therefore, we propose to define PDSCH performance requirements for Scheme B for HST scenario.
Define PDSCH performance requirements for Scheme B for HST scenario.
For the test applicability rule for scheme A and scheme B, to reduce the test effort and to ensure the test coverage at the same time, we propose to reuse the same method as Rel-17 HST WI to test different UE feature with different SCS, i.e. if UE supporting both HST SFN scheme A and B and supporting both 15kHz SCS and 30kHz SCS, then UE shall only pass scheme A with 15kHz and scheme B with 30kHz requirements. Considering different UE processing for scheme A and scheme B as discussed above, no any other applicability rule should be defined between scheme A and scheme B.
If UE supporting both HST SFN scheme A and B and supporting both 15kHz SCS and 30kHz SCS, then UE shall only pass scheme A with 15kHz and scheme B with 30kHz requirements. Do not define any other applicability rule between scheme A and scheme B.
Modeling of TRP pre-compensation
	· Assume perfect modeling of TRP pre-compensation as baseline.
· Interested companies can evaluate the following model:
· The frequency shift  (Hz) from kth RRH is given by:
 for 
and 
 for 
where




For Scheme B, from our understanding, there is still Doppler pre-compensation error between two TRP in the real deployment. TRP pre-compensate error of the downlink data based on uplink signal transmitted by UE. The detail carrier frequency variation for TRP-based pre-compensation error is shown in the following Table 2.2.2-1, assuming that the target carrier frequency is , the crystal oscillator error is  and  for TRP#1 and TRP#2 respectively, the one-way channel Doppler is  and  for TRP#1 and TRP#2 respectively. Note that only PDCCH and PDSCH is pre-compensated.
Table 2.2.2-1 Detail carrier frequency variation for Scheme B
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We can see that after TRP-based frequency offset pre-compensation, there is still  frequency difference at the UE side. As per TS 38.104, only Wide Area BS and Medium Range BS is supported for HST scenario, and the maximum allowed frequency error accuracy at the BS side is ±0.05 ppm and ±0.1 ppm for Wide Area BS and Medium Range BS respectively. For the worst case, the frequency offset for two TRP can be 0.4 ppm assuming that  is equal to +0.1 ppm and  is equal to -0.1ppm. 
From our understanding, UE still need to estimate the Doppler pre-compensation error between two TRP for channel estimation, otherwise the performance can be degraded obviously if there is larger pre-compensation error between different TRP, as per our simulation results [2]. Therefore, we prefer to explicitly consider the TRP pre-compensation model for scheme B requirement definition.
Explicitly consider the TRP pre-compensation model for scheme B requirement definition.
· The frequency shift  (Hz) from kth RRH is given by:
 for 
and 
 for 
where

Proposals
In this contribution, we discuss on UE demodulation requirements for FeMIMO HST-SFN. Our observations and proposals are:
1. Select maximum Doppler 870Hz for 15kHz SCS for HST-SFN scheme A.
Select MCS 17 and rank 2 for HST SFN scheme A.
Define PDSCH performance requirements for Scheme B for HST scenario.
If UE supporting both HST SFN scheme A and B and supporting both 15kHz SCS and 30kHz SCS, then UE shall only pass scheme A with 15kHz and scheme B with 30kHz requirements. Do not define any other applicability rule between scheme A and scheme B.
Explicitly consider the TRP pre-compensation model for scheme B requirement definition.
· The frequency shift  (Hz) from kth RRH is given by:
 for 
and 
 for 
where
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