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Introduction
NR Work Item (WI) on further enhancements on MIMO (FeMIMO) [1] defines the following objective of performance part:
	· Specify necessary UE performance requirements for the specified enhancements


The WI Description (WID) also includes the following features to be specified that have a purpose to improve performance in HST-SFN deployment:
	· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· Enhancement to support HST-SFN deployment scenario:
· 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
· 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


QCL assumptions were enhanced to enable distributed TRS Tx in HST-SFN deployments. It is referred to HST-SFN scheme A. Specific QCL relationship between UL and DL signal was specified to allow BS frequency pre-compensation functionality to improve demodulation performance in high mobility conditions. This scheme is referred to HST-SFN scheme B.
In this paper we provide our view on introduction of PDSCH requirements for both HST SFN Schemes A and B.
Discussion
HST-SFN Tx scheme A
The following agreements were made on the previous RAN4 meeting [2]:
	Scope of PDSCH requirements
· Introduce PDSCH requirements for HST SFN scheme A
Test setup
· Option 1:
· Reuse existing Rel-16 HST-SFN test set-up as a baseline
· PDCCH/PDSCH/ SFN transmitted from two RRHs
· TCI state 1 and TCI state 2 applied for TRP/RRH #2n, #2n+1 separately; TRS 1 and TRS 2 transmitted from TRP#2n, and #2n+1 separately
	Parameter
	Value

	
	FDD 15 kHz SCS
	TDD 30 kHz SCS

	CBW
	10 MHz
	40 MHz

	Antenna configuration
	2x2; 2x4

	DMRS type
	Type 1

	Number of DMRS symbols
	1+1+1

	TDD pattern
	
	7D1S2U, S: 6D 4G 4U

	TRS configuration
	10ms, 2 slot pattern

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

	Ds and Dmin
	Ds =700m; Dmin=150m

	Test metric
	SNR @70% of maximum throughput


· Other options are not precluded.
Maximum Doppler shift
· 15 kHz SCS:
· Option 1: 972 Hz
· Option 2: 870 Hz
· Other options are not precluded
· 30 kHz SCS:
· Option 1: 1667 Hz
· Other options are not precluded
MCS and Rank
· Option 1: MCS 17 with Rank 2 from MCS Table 1 as a starting point
· Other options are not precluded
Channel Model
· Option 1:
· HST SFN channel model specified in B.3.2 of TS 38.101-4 reused as a baseline
· MCS 13, MCS17 with Rank 2 from MCS Table 1
· Option 2:
· 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
· Option 3:
· HST-SFN for PDSCH, PDCCH, DMRS with 2 RRHs per cell deployment 
· Single TRP Tx for TRS
· Other options are not precluded


HST-SFN performance requirements with baseline Rel-15/16 Tx schemes are already defined for FR1. However, in HST-FR2WI conventional SFN scheme was excluded. Only HST-DPS Tx scheme is considered in Rel-17 for HST-FR2 operation.
Observation #1: HST-SFN Tx scheme is not considered for demodulation performance requirements definition in HST-FR2 WI.
Considering that there are no performance requirements for conventional HST-SFN scheme for FR2, we also do not see a value to define HST-SFN scheme A requirements for FR2. Therefore, we propose to define performance requirements for SFN scheme A only for FR1.
Proposal 1:	Define demodulation performance requirements for SFN Scheme A only for FR1. 
eHST Rel-17 WI specifies Carrier Aggregation (CA) requirements for FR1 HST operation. All technical issues are already resolved, and WI is close to the final stage. Specification of CA requirements in addition to the single carrier (SC) requires some additional simulations for other CBWs. Test configurations for CA are mainly reused from SC test cases. Considering limited workload, we recommend defining performance requirements for CA with HST-SFN scheme A also.
Proposal 2: 	Define demodulation performance requirements for SFN Scheme A for CA.
HST-SFN Tx scheme B
The key idea of the HST-SFN Tx scheme B relies on pre-compensation of the frequency offset difference among TRPs relative to the reference TRP. The reference TRP may be any TRP in SFN area, e.g., TRP closest to a current UE position. According to agreements TRP based pre-compensation scheme includes three steps as illustrated in Figure 1.
	


	Figure 1. HST-SFN scheme B


Assuming the first TRP as reference, at the first step the carrier frequency for UL signal transmission at the UE can be determined based on TRS transmitted by reference TRP as follows
,
where,  is carrier frequency,  is Doppler shift from the first TRP and  is a Tx frequency offset error due to RF impairments. If the UL signal is transmitted using frequency   , the frequency estimated by each TRP from the UL signal in step 2 can be defined as follows
.
Non-reference TRP calculates frequency pre-compensation value  by taking the difference between the carrier frequencies estimated on the reference and non-reference TRPs, i.e., 
.
After pre-compensation the carrier frequency of the received DL signal from the non-reference TRP in step 3 can be defined as follows
.
As we see there still be a difference between signals from two TRPs due to BS Tx frequency error. Only Wide Area BS and Medium Range BS are supported for HST scenario. The maximum allowed frequency error accuracy at the BS side is ±0.05ppm and ±0.1ppm for Wide Area BS and Medium Range BS respectively. For the worst case, the frequency offset for two TRP can be up to 0.2ppm that corresponds to the 376Hz frequency difference.
After frequency pre-compensation Doppler frequencies on the two channel taps will not have big absolute values with different signs. In this case conventional UE receive processing can be used with baseline MMSE channel estimation.  Possible imperfections of TPR based pre-compensation due to frequency offset errors, can be easily compensated by UE channel estimation using slightly increased Doppler spread. 
In Figure 2 we provide link-level analysis of PDSCH performance in HST-SFN channel model after BS frequency pre-compensation. MCS 17 with Rank 2 was considered for this study with 500 km/h UE speed and 1.88GHz carrier frequency. Two different UE receivers were assumed: conventional with MMSE channel estimation and HST-SFN receiver. As proposed in [3] residual frequency difference between two TRPs were considered as 0, 188, 376, 564, and 752 Hz.
	[image: ]

	Figure 2. HST-SFN scheme B demodulation performance


Observation #1: Conventional receiver leads to 2 dB and 1.1 dB performance degradation with 0 and 752Hz residual frequency error compared to HST-SFN receiver.
As wee, see UE complexity with TRP based pre-compensation can be noticeably reduced by supporting HST-SFN scenario using conventional approach for TRS processing and MMSE filter calculation at the UE instead of more advanced schemes required for scheme 1 operation. Performance with conventional receiver under 0 frequency error can be further improved because for our analysis we assumed a robust setting of channel Doppler spread value.
Since conventional UE receiver can be used in HST-SFN scheme B, we do not think that support of enhanced QCL UL/DL assumption require the dedicated test case.
Proposal 3: 	Do not define demodulation performance requirements for SFN Scheme B.
Conclusion
In this paper we provided our view on performance requirements definition for HST SFN schemes A and B. The following proposals were made:
Proposal 1:	Define demodulation performance requirements for SFN Scheme A only for FR1
Proposal 2: 	Define demodulation performance requirements for SFN Scheme A for CA.
Proposal 3: 	Do not define demodulation performance requirements for SFN Scheme B.
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