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Background
During RAN4#102-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 scope
Whether to define PDSCH requirement with HST-SFN scheme B
	Whether to define PDSCH requiremnt with HST-SFN scheme B
· Option 1: Yes
· Option 1a: scheme A and scheme B with test applicability rule: If UE pass HST-SFN scheme A test cases, UE can skip HST-SFN scheme B test cases
· Option 1b: scheme A and scheme B with test applicability rule: If UE supporting both HST SFN scheme A and B and supporting both 15kHz SCS and 30kHz SCS, then UE shall only pass schemeA 15kHz and schemeB 30kHz requirements.
· Option 2: No
· Option 3: do not introduce PDSCH requirements for SFN scheme B and define the following test applicability rule to guarantee performance with this scheme:
· If UE passes the existing test cases (demodulation requirement for HST-SFN with high Doppler shift), the performance of SFN scheme B is guaranteed



For Scheme B, TRP pre-compensate frequency offset of the downlink data based on uplink signal transmitted by UE. The detail carrier frequency variation for TRP-based frequency offset pre-compensation is shown in the following Table 2.1-1, 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. In addition, considering that per-UE pre-compensation value for TRS will cause large amount of overhead, the carrier frequency of TRS transmitted from different TRP is constant, that means only PDCCH and PDSCH is pre-compensated.
Table 2.1-1 Detail carrier frequency variation for Scheme B
	
	TRP#1
	TRP#2

	1st
	BS DL
	
	

	
	UE DL
	
	

	
	UE UL
	
	-

	
	BS UL
	
	

	
	pre-comp
	-
	

	2nd
	BS DL
	
	

	
	UE DL
	
	



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. With Rel-16 assumption, the corresponding frequency offset value is 752Hz and 1440Hz @ 1.88GHz and 3.6GHz carrier frequency for 15kHz and 30kHz SCS respectively.
As per our contribution [2], even if with such large value of residual frequency shift after BS frequency offset pre-compensation, better performance still can be achieved for Scheme B comparing to the normal SFN. Therefore, we propose to define PDSCH performance requirements for Scheme B for HST scenario.
Define PDSCH performance requirements for Scheme B for HST scenario.
Test setup for PDSCH requirement for SFN scheme A with Single Carrier
Maximum Doppler shift
	Maximum Doppler shift
· Define PDSCH requirement with HST-SFN scheme A with Maximum Doppler shift
· 30KHz SCS: 1667Hz
· 15 kHz SCS: 
· Option 1: 972 Hz
· Option 2: 870 Hz
· Companies are encouraged to bring simulation results with both option 1 and option 2 to check whether there is performance degradation with option 1, down selection one of them in the next meeting



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 [3], 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.
UE capability
	UE capabilty
· FFS: The PDSCH demodulation requirements for HST-SFN Scheme A is applicable for UE capable of ‘SFN Scheme A’.



As per latest RAN1 UE feature, the PDSCH demodulation requirements for HST-SFN Scheme A should be applicable for UE capable of “23-6-1 SFN scheme A (scheme 1) for PDSCH and PDCCH” as following.
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The PDSCH demodulation requirements for HST-SFN Scheme A should be applicable for UE capable of “23-6-1 SFN scheme A (scheme 1) for PDSCH and PDCCH”.
Test setup for PDSCH requirement for SFN scheme B with Single Carrier If introduced
Channel Model
	Channel Model
· Reusing the existing Rel-16 HST-SFN channel model (Ds=700m, Dmin=150m) with removing the two furthest paths corresponding to the two furthest TRP as baseline
· For PDCCH and PDSCH HST-SFN with 2 nearest RRH, including time varying path power and path delay
· FFS modelling Doppler shift
· Path power is normalized assuming only two visible TRPs.
· For TRS, single tap from each RRH, including time varying path power and path delay, apply the same scaling as PDSCH for each TRP for path power, and apply the same delay as PDSCH for each TRP for path delay
· FFS modelling Doppler shift
Modeling of TRP pre-compensation
•	Option 1: For scheme B, BS behaviour can be Doppler Modeling into channel model so that TE implementation of pre-compensation has no impact on the UE performance during the test.
•	Other options are not precluded



For channel model, the remained issue is whether to explicitly model the Doppler shift. From our understanding, BS behaviour can be modelled into channel model so that TE implementation of pre-compensation has no impact on the UE performance during the test. One possible way is to shift a fixed value for the Doppler from one BS to simulate the frequency error caused by BS pre-compensation, such as the following method.
The frequency shift  (Hz) from kth RRH is given by:
 for 
and
 for 
where

The Doppler shift trajectory can be shown in following Figure 2.3.1-2.
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Figure 2.3.1-2 SchemeB FDD Doppler shift trajectory
For HST-SFN scheme B, using the above method to modelling the Doppler shift during the test.
Proposals
In this contribution, we discuss on UE demodulation requirements for FeMIMO HST-SFN. Our observations and proposals are:
1. Define PDSCH performance requirements for Scheme B for HST scenario.
Select maximum Doppler 870Hz for 15kHz SCS for HST-SFN scheme A.
The PDSCH demodulation requirements for HST-SFN Scheme A should be applicable for UE capable of “23-6-1 SFN scheme A (scheme 1) for PDSCH and PDCCH”.
For HST-SFN scheme B, using the following method to modelling the Doppler shift during the test.
	The frequency shift  (Hz) from kth RRH is given by:
 for 
and
 for 
where

The Doppler shift trajectory can be shown in following Figure 2.3.1-2.
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Figure 2.3.1-2 SchemeB FDD Doppler shift trajectory
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