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1. Introduction

According to the approved WID on further enhancements on MIMO for NR [1], one of the objectives is the enhancement to support HST-SFN deployment scenario. The details of this objective are duplicated as following:
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
d. Enhancement to support HST-SFN deployment scenario:

i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission

ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
In last RAN4 meeting, there is initial discussion on the demodulation impact due to enhancement to support HST-SFN deployment scenario, and a WF war agreed [2]. This contribution provides further discussion on this topic.
3. Discussion 
The enhancement to support HST-SFN deployment scenario include two parts: scheme A, which is per-TRS based doppler frequency estimation (i.e. UE based solutions for HST-SFN deployment) and scheme B, which is TRP-based pre-compensation scheme (i.e. NW based solutions for HST-SFN deployment).
According to the agreements in last meeting, it was agreed to introduce PDSCH requirements for HST SFN scheme A, and FFS for scheme B.

For scheme B, the motivation is to enable Doppler shift pre-compensation at gNB side for SFN-based downlink transmission so that the UE will not experience significant different Doppler shifts from different TRPs. According to RAN1 discussion, TRP-based pre-compensation is supported. The basic idea is that PDCCH/PDSCH from TRP(s) is transmitted with frequency offset pre-compensation determined based on the received uplink signal/channel. In general, there are RAN1 agreed three high-level steps for scheme B.
· 1st step: Transmission of the TRS resource(s) from TRP(s) without pre-compensation

· 2nd step: Transmission of the uplink signal(s)/channel(s) with carrier frequency determined based on the received TRS signals in the 1st step

· 3rd step: Transmission of the PDCCH/PDSCH from TRP(s) with frequency offset pre-compensation determined based on the received signal/channel in the 2nd step
With this approach of pre-compensation at gNB, even with high frequency and high velocity, the doppler frequency shift experienced by UE is not so large. But it is noted that there is still residual doppler shift. Since UE still need to handle multi-path with doppler shift, it is better to guarantee UE demodulation performance.
According to current specification, there are demodulation requirements for HST-SFN with high doppler shift (i.e. with doppler shift of 1667Hz). In order to guarantee the performance of TRP-based pre-compensation, there are two options, one is the direct way to define new demodulation performance requirements. The other way is to introduce applicability rule: if UE passes the existing test cases, the performance of TRP-based pre-compensation are also guaranteed.

Proposal 1: for scheme B, we prefer following two options:

· Option 1: introduce PDSCH requirements for SFN for scheme B
· Option 2: 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 PDCCH, whether to specify requirements for HST-SFN is FFS. According to RAN1 agreements, both PDCCH and PDSCH are considered for the enhancement to support of HST-SFN deployment scenario. From operator point of view, it is necessary to guarantee the performance. One way is to define PDCCH requirements for HST SFN scenario. To reduce the number of test cases, the other way is that define test case when both channels (PDSCH/PDCCH) are transmitted using HST-SFN and verify performance of PDSCH only. Both are OK for us. The key point is to guarantee the corresponding performance.
Proposal 2: it is proposed to define PDCCH requirements for HST SFN scenario.

For CA case, we are open to study. Currently, it is proposed to focus on the discussion of single carrier case. If time allowed, PDSCH CA requirements for HST SFN scenario can be considered after the completion of single carrier case.

Proposal 3: for HST-SFN, define single carrier requirement firstly. If time allowed, PDSCH CA requirements for HST SFN scenario can be considered later.

According to the WID, the target scenario is HST-SFN deployment scenario. In Rel-16, HST-SFN joint transmission and HST DPS are considered, which could be the baseline to define the test cases for Rel-17 HST-SFN enhancement. Table 1 is the summary of test parameters for Rel-16 HST test cases.
Table 1 summary of test parameters for Rel-16 HST-SFN test cases

	
	HST-SFN joint transmission
	HST DPS

	
	15KHz SCS
	30KHz SCS
	15KHz SCS
	30KHz SCS

	fd
	870 Hz
	1667 Hz
	870 Hz
	1667 Hz

	MCS
	MCS13
	MCS 17

	Rank
	2
	2

	Antenna configuration
	2*2; 2*4
	2*2; 2*4

	Ds and Dmin
	Ds = 700 m, Dmin =150m
	Ds = 700 m, Dmin =150m


For Rel-17 HST-SFN enhancement, the target velocity is 500km/h, and the applied carrier frequency could be up to 3.6GHz, which is same as that for Rel-16 NR HST WI, so the maximum doppler shift could reuse the fd of Rel-16 HST-SFN. In detail, the maximum doppler shift is 870Hz for 15KHz SCS, and the maximum doppler shift is 1667Hz for 30KHz SCS.
Proposal 4: for 15KHz SCS, the maximum doppler shift is 870Hz; for 30KHz SCS, the maximum doppler shift is 1667Hz.
For HST scheme A, according to the agreements in RAN1, the same DMRS port(s) can associate with multiple TCI states. In detail, TRS is transmitted in TRP-specific / non-SFN manner, and DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner. In this way, different TRS corresponds to a major channel path from different TRP, UE can estimate the different large scale profiles especially for Doppler shift based on the different TRSs for DMRS channel estimation. In this way, the performance of channel estimation is expected to be improved. From this point of view, MCS 17 or higher MCS is preferred.
For antenna configuration, both 2*2 and 2*4 are necessary considering the practical deployment. And Rank 2 is preferred. As for Ds and Dmin, Rel-16 agreements can be reused.

Proposal 5: for Rel-17 HST-SFN test cases, the test parameters are proposed as following:
	Parameter 
	Value

	MCS
	MCS17

	Rank
	2

	Antenna configuration
	2*2; 2*4

	Ds and Dmin
	Ds = 700 m, Dmin =150m


4. Conclusion
This contribution provides discussion on UE demodulation for the enhancement to support HST-SFN deployment scenario. The proposals are:
Proposal 1: for scheme B, we prefer following two options:

· Option 1: introduce PDSCH requirements for SFN for scheme B
· Option 2: 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

Proposal 2: it is proposed to define PDCCH requirements for HST SFN scenario.

Proposal 3: for HST-SFN, define single carrier requirement firstly. If time allowed, PDSCH CA requirements for HST SFN scenario can be considered later.

Proposal 4: for 15KHz SCS, the maximum doppler shift is 870Hz; for 30KHz SCS, the maximum doppler shift is 1667Hz.

Proposal 5: for Rel-17 HST-SFN test cases, the test parameters are proposed as following:
	Parameter 
	Value

	MCS
	MCS17

	Rank
	2

	Antenna configuration
	2*2; 2*4

	Ds and Dmin
	Ds = 700 m, Dmin =150m
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