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Background
During RAN4#95-e, way forward [1] for NR Rel-16 UE demodulation was approved. The open issues about the DPS transmission scheme can be derived as below:
	· For DPS transmission scheme(including 1a and 1b), whether new specific UE receiver processing from demod aspect required compared to UE to handle HST-single Tap and HST-SFN channel model
· Agreement in 1st round
· Frequency error tracking of Large Doppler shift jump in DPS cannot be verified in HST single tap. 
· TCI state switch in DPS cannot be verified in HST single tap and HST-SFN
· Open issue in 2nd round
· Whether the frequency error tracking can be verified in HST-SFN
· Whether TCI state switch can be verified in multi-TRP transmission requirements discussed in eMIMO
· Whether to define new requirements and tests for DPS transmission scheme
· Introduce test cases for DPS transmission schemes 1a; FFS for 1b
· Define RAN4 requirements with the assumption of frequency tracking up to UE implementation.
· In test cases, TCI states is known to UE (FFS for detailed test case set-up)
· FFS for test applicable rule among 1a/[1b] with HST-SFN requirements



In this contribution, we share our views about the DPS transmission scheme for NR Rel-16 UE HST performance requirements.
Discussion
Transmission scheme DPS 1a with 1 active TCI state
At last meeting, RAN4 agreed to introduce test cases for DPS transmission schemes 1a [1] and agreed to use following as baseline for DPS transmission scheme 1a test setup:
	1. UE is configured with two different TCI states associated with two different RRHs by RRC signalling tci-StatesToAddModList in the PDSCH-Config and tci-PresentInDCI is not configured;
2. TE actives TCI #0 for PDCCH by “TCI State Indication for UE-specific PDCCH MAC CE”;
3. PDSCH associated with TCI #0 is transmitted during the slots from 0 to (n-1) + HARQ needed time + 3ms + first TRS + TRS processing time;
4. In slot n TE start triggering TCI state switching command to TCI #1 by “TCI State Indication for UE-specific PDCCH MAC CE”;
5. PDSCH associated with TCI #1 is transmitted in slots from n + HARQ needed time + 3ms + first TRS + TRS processing time to N.
where n slots are equivalent to time that needed to pass middle point between two RRHs, N slots is equivalent to time that needed to pass second RRH



The general test setup procedure is given as above, but the value of some parameters need to be specified. 
HARQ needed time
As per clause 8.10.3 of TS 38.133, HARQ needed time (THARQ) is the timing between DL data transmission and acknowledgement as specified in TS 38.213. It is suitable to follow NR Rel-15 test setup for THARQ determination, i.e.
· 2 slots for FDD 15kHz SCS, 
· 8,7,6,5,5,4,3,2 slots for TDD 30kHz SCS with TDD pattern 7D1S2U, S=6:4:4, the longest THARQ = 8 slots
TRS processing time
As per TS 38.133, the SSB processing time TSSB-proc is assumed 2ms, it is reasonable to assume the same value for the TRS processing time.
Propagation condition
For propagation condition, Ds=700m and Dmin=150m are used in HST-SFN channel model, it is suitable to reuse the Ds and Dmin values for DPS scenario.
Switching command robustness
The switch command is transmitted via MAC CE, the corresponding PDSCH carrying that MAC CE should be ensured to be decoded successfully and lower MCS should be used, such as MCS 4.
Maximum Doppler
Considering the Doppler shift minus to positive jumping at the TCI switching point, DPS 1a has higher challenge for Doppler shift handling compared to HST SFN, we can assume the same Doppler shift values as HST SFN, i.e. 870Hz for FDD 15kHz SCS, 1667Hz for TDD 30kHz SCS.
Other parameters
For other test parameters, it is suitable to be reused from HST-SFN cases for DPS 1a.
Proposal 1: Use the following test setup for DPS 1a test.
	Parameter
	Value

	
	FDD 15KHz SCS
	TDD 30KHz SCS

	Antenna configuration
	2×2; 2×4

	DMRS type
	type 1

	Number of DMRS symbols
	DMRS 1+1+1

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

	MCS
	 MCS 13 based on 64QAM table

	Propagation condition
	HST DPS-1a

	TRS periodicity
	10ms, 2slot pattern

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

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

	Rank
	Rank = 2

	BW
	10MHz
	40MHz

	Maximum Doppler shift
	870Hz
	1667Hz

	HARQ needed time/slots
	2 
	8 if mod(i,10) = 0
7 if mod(i,10) = 1
6 if mod(i,10) = 2
5 if mod(i,10) = 3
5 if mod(i,10) = 4
4 if mod(i,10) = 5
3 if mod(i,10) = 6
2 if mod(i,10) = 7

	TRS processing time
	2ms

	Testing metric
	SNR @70% of maximum throughput

	Note: For PDSCH carrying MAC CE switching command, MCS 4 is scheduled.



Transmission scheme DPS 1b
DPS 1b with two active TCI states tracking can support faster TCI switch and reduce the switching delay compared to DPS 1a that can improve user experience. UE only receives PDSCH from one TRP at a time by using one of the active TCI for Doppler shift estimation, there is no Doppler spread compared to HST SFN, two set of active TCI states make fully use of the flexible TRS configuration and simple Doppler estimation in NR, this can achieve smooth Doppler frequency change between two TRPs and better performance.
Supporting more than 1 active TCI states is mandatory with capability feature, it should be based on UE capability, and UE is not mandated to support it, so corresponding test applicability rule like defined for other mandatory with UE capability features need to be defined.
If RAN4 agrees to define performance requirements for both DPS 1a and DPS 1b, test applicability rule for different UE capabilities can be defined. If UE supports more than one active TCI state (2 or 4) the requirements with lower number of active TCI states can be skipped.
Proposal 2: Define performance requirements for transmission scheme DPS 1b. If UE supports more than one active TCI state (2 or 4) the requirements with lower number of active TCI states can be skipped.
Applicability rule between DPS and SFN
Whether the frequency error tracking can be verified in HST-SFN
For HST-DPS scenario, UE receives PDSCH from only one RRU at a certain time. As per our contribution [2], a large Doppler jump can be observed at the switch time point, which is about midpoint of two RRUs, as Figure 2.1-1 shows.
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	Figure 2.1-1: Doppler trajectories for HST-DPS 1a and 1b scenarios



For HST-SFN scenario, UE receives PDSCH from 4 RRUs at the same time. From UE’s perspective, UE cannot distinguish the Doppler from each individual RRU that sends PDSCH with the same TCI state and needs to perform frequency estimation to determine a synthesized frequency for frequency compensation and other procedures, so HST-SFN has gradual Doppler shift change and no sharp Doppler jump during the whole process as shown in Figure 2.1-2:
	[image: ]

	Figure 2.1-2: Doppler trajectories for HST-SFN scenario



For the frequency tracking, it was agreed that “Define RAN4 requirements with the assumption of frequency tracking up to UE implementation” [1] in last RAN4#95-e meeting, because some company argued that UE can only track the strongest path among 4 paths. Firstly we think tracking 4 combined paths with same TCI state is the basic UE AFC behavior, it is also assumed in LTE HST-SFN performance requirements definition. Based on our evaluations, very bad performance for only tracking the strongest path compared to track 4 paths at the same time, we do not think that only tracking strongest path is a reasonable implementation method to ensure the proper UE performance under HST.
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	Figure 2.1-3: Performance comparison for HST-SFN between tracking 4 paths and only tracking the strongest path



Secondly even we assume the implementation of only tracking the strongest path, however, it is impossible for UE to declare which implementation UE is performed. We believe that tracking 4 paths is more general implementation since that the performance for tracking a synthesized frequency is better than that for tacking strongest tap as per evaluation in Figure 2.1-3. It can be seen that the performance under large Doppler jump cannot be ensured although UE has passed the HST-SFN cases for the general implementation that tracking 4 paths.
Observation 1: Gradual Doppler shift change for HST-SFN and sharp Doppler jump for DPS, complete different Doppler shift behavior between HST-SFN and DPS, the frequency error tracking under DPS can’t be verified by HST-SFN.
Whether TCI state switch can be verified in multi-TRP transmission requirements discussed in eMIMO
Firstly Tracking one active or two active TCI states under DPS 1a or 1b are mandatory w/wo UE capability features, both of them are Release 15 features and corresponding performance requirements can be release independent from Release 15 and supported by Release 15 UE, while eMIMO is a Release 16 feature and can only be supported by Release 16 UE;
For multi-TRP transmission discussed in eMIMO, UE receives the data with different TCI states from multi-TRP scheduled by multi-DCI or single-DCI at the same time, there is no TCI state switch at all, UE tracking the two active TCI states for the PDSCH reception sent from two TRPs all the time. For DPS, UE receives the data from one TRP at one time and switches the TCI state for the data reception from one TRP to another one. To ensure the proper performance requirements for DPS, separate testing should be executed for UE supporting DPS. Also HST requirements under multi-TRP transmission are proposed to discuss in new Rel-17 HST enhancements WI, it is not proper to compare them the UE behavior under DPS and multi-TRP transmission in eMIMO.
Observation 2: Different release for DPS and multi-TRP, no TCI state switch in multi-TRP, TCI state switch in DPS can’t be verified in multi-TRP transmission requirements discussed in eMIMO.
Proposal 3: Do not define applicability rule between HST-DPS scenario and HST-SFN scenario.
Proposals
In this contribution, we discuss on NR UE HST performance requirements for DPS transmission scheme. Our observations and proposals are:
Observation 1: Gradual Doppler shift change for HST-SFN and sharp Doppler jump for DPS, complete different Doppler shift behavior between HST-SFN and DPS, the frequency error tracking under DPS can’t be verified by HST-SFN.
Observation 2: Different release for DPS and multi-TRP, no TCI state switch in multi-TRP, TCI state switch in DPS can’t be verified in multi-TRP transmission requirements discussed in eMIMO.

Proposal 1: Use the following test setup for DPS 1a test.
	Parameter
	Value

	
	FDD 15KHz SCS
	TDD 30KHz SCS

	Antenna configuration
	2×2; 2×4

	DMRS type
	type 1

	Number of DMRS symbols
	DMRS 1+1+1

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

	MCS
	 MCS 13 based on 64QAM table

	Propagation condition
	HST DPS-1a

	TRS periodicity
	10ms, 2slot pattern

	PDSCH mapping
	Type A, Start symbol 2, Duration 12

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

	Rank
	Rank = 2

	BW
	10MHz
	40MHz

	Maximum Doppler shift
	870Hz
	1667Hz

	HARQ needed time/slots
	2 
	8 if mod(i,10) = 0
7 if mod(i,10) = 1
6 if mod(i,10) = 2
5 if mod(i,10) = 3
5 if mod(i,10) = 4
4 if mod(i,10) = 5
3 if mod(i,10) = 6
2 if mod(i,10) = 7

	TRS processing time
	2ms

	Testing metric
	SNR @70% of maximum throughput

	Note: For PDSCH carrying MAC CE switching command, MCS 4 is scheduled.



[bookmark: _GoBack]Proposal 2: Define performance requirements for transmission scheme DPS 1b. If UE supports more than one active TCI state (2 or 4) the requirements with lower number of active TCI states can be skipped.
Proposal 3: Do not define applicability rule between HST-DPS scenario and HST-SFN scenario.
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