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0  Introduction
This email discussion focuses on UE demodulation for NR HST, including agenda 6.17.2.1.1~6.17.2.1.5. Five topics are included in total, including transmission schemes, HST-SFN, HST single tap, muti-path fading channel, and other general open issues mentioned in companies’ contributions.
The email discussion is based on the approved way forward in last meeting: R4-2002418 WF on Rel-16 NR HST UE demodulation.
The targets of email discussion for 1st round and 2nd round are:
· 1st round: discuss the open issues and strive to minimize the open issues
· 2nd round: according to 1st round discussion, discuss left open issues for 2nd round, and strive to minimize the open issues
Topic #1: Scenarios and transmission schemes
Agenda  6.17.2.1.1
Companies’ contributions summary
	TDoc
	Source
	Proposals / Observations

	R4-2003478
	CMCC
	Maximum Doppler frequency for HST-SFN
Proposal 1: for HST-SFN with 30 KHz SCS, the DL maximum Doppler frequency is proposed to be 1667 Hz.
Proposal 2: for HST-SFN with 15 KHz SCS, the DL maximum Doppler frequency of 851 Hz or 870Hz are OK.
Proposal 3: for HST single tap with 15 KHz SCS, the DL maximum Doppler frequency is proposed to be 1250 Hz.
Transmission scheme
Proposal 4: Define requirements for both 1a and 1b schemes for different UE capabilities with corresponding applicability rule. For the UE which is capable of tracking two TCI states, the requirements specified for transmission scheme 1b are applied. If UE do not support tracking two TCI states, the requirements specified for transmission scheme 1a are applied.
Proposal 5: it is proposed to discuss transmission scheme 2 with high speed scenario in NR HST WI, and discuss transmission scheme 2 with non-high-speed scenario in eMIMO WI.
Release independent
Observation 1: It is feasible for HST-SFN to be release independent from Rel-15 considering signalling introduced in Rel-16. Same methodology (early implementation) as in the release independent for Rel-14 LTE HST WI can be reused for NR HST. 
•	Rel-14 LTE HST are release independent from Rel-13 
•	For the issue that network assistance signalling and UE capability are introduced in Rel-14 LTE HST, early implementation is used in RAN2 to enable the release independent from Rel-13 without specification change
Proposal 6: Rel.16 HST requirements, including HST-SFN, HST single tap and multi-path fading, are proposed to be release independent from Rel-15.

	R4-2004476
	Qualcomm Incorporated
	Proposal 1: Do not consider Transmission schemes 1 and 3 for defining new requirements. Transmission scheme 2 should be discussed as part of eMIMO WI first and only consider in HST WI if HST WI still has sufficient TUs left for this discussion.
Proposal 2: Use +/-0.1ppm frequency error when determining maximum Doppler frequency for HST-SFN.
Proposal 3: Use maximum Doppler frequency of 851Hz for FDD 15kHz SCS under HST-SFN scenario.
Proposal 4: Use maximum Doppler frequency of 1500Hz for TDD 30kHz SCS under HST-SFN scenario.
Proposal 5: Use maximum Doppler frequency of 1250Hz for FDD 15kHz SCS under HST single tap scenario.
Proposal 6: Do not define requirements for target speed of 350km/h under HST-SFN scenario.
Proposal 7: Do not test UE under HST single tap and HST multi-path scenarios, if UE passes the requirements for HST-SFN.
Proposal 8: Do not schedule PDSCH grant on S slot in TDD high speed train test cases.
Proposal 9: HST Multi-path fading tests can be made release independent from Rel-15.
Proposal 10: HST single tap tests can be made release independent from Rel-15 if no signaling is assumed when defining the requirements.
Proposal 11: HST-SFN tests cannot be made release independent.

	R4-2002965
	Samsung
	Proposal 1: No requirement for transmission scheme 2 with HST-SFN deployment scenario is introduced in NR eMIMO WI.
•	Focus on the open issues for test parameters finalization of HST single-tap and HST SFN transmission.
•	If needed, discuss transmission scheme 2 in HST-SFN deployment scenario later in HST WI, when the details test parameters for requirement of transmission scheme 2 are finalized in NR eMIMO WI.

Proposal 2: No requirement for transmission scheme 3 with HST-SFN deployment scenario is introduced in Rel-16 HST WI.
Proposal 3: No feasible release independent for HST-SFN, HST single tap and multi-path fading requirement

	R4-2003187
	Intel Corporation
	Observation #1: The existing core and performance requirements do not cover DPS transmission scenario since:
-	From baseband perspective current test cases assume another channel model and do not include TCI state switching procedure
-	From RRM perspective current test cases assume another channel model and applicable only for FR2
Proposal #1: 	Define requirements for both DPS schemes for different UE capabilities with corresponding applicability rule.
Observation #2: To avoid problems with reliability of MAC CE command the following options can be considered in DPS 1a test case:
1)	PDSCH slots contained MAC CE are scheduled with more robust MCS
2)	Slots from n to m, where m is a slot in which UE transmit ACK on PDSCH with MAC CE, are skipped from counting statistic.
Proposal #2: 	Discuss transmission scheme 2 in eMIMO WI first, then discuss transmission scheme 2 in HST-SFN deployment scenario later in HST WI.
Observation #3:  Distributed TRS transmission scheme allow to support enhance frequency tracking strategy in HST scenarios which leads to overall system performance improvement.
Proposal #3:	Conclude that transmission scheme with distributed TRS transmission provides performance benefits for HST scenarios.
Observation #4: Joint transmission with distributed DMRS Tx provides better performance than JT and allow to support much higher Doppler frequency
Observation #5: Rel-16 multi-TPR transmission schemes with data repetition and distributed DMRS transmission in HST-SFN scenario:
1.	Scheme 2a: cannot work for high MCS values due to non-self-decodable transmission since robust transmission of Tx occasions from far TRP cannot be guaranteed.
2.	Scheme 2b: provides large performance degradation for high MCS values since robust transmission of Tx occasions from far TRP cannot be guaranteed.
Observation #6: Rel-16 multi-TPR transmission schemes with distributed DMRS transmission (2a,2b,3 and 4) are not applicable to HST scenarios
Proposal #4:	Conclude that transmission scheme with joint data and distributed DMRS transmissions provides performance benefits for HST scenarios.

	R4-2003710
	Huawei, HiSilicon
	Proposal 1: Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities.
Proposal 2: Discussion on transmission scheme 2 after all other open issues about single tap, DPS and HST-SFN are finalized in NR HST WI.
Proposal 3: Discuss transmission scheme 3 after RAN1 finalizes the specific HST enhancements transmission schemes in NR Rel-17 further MIMO enhancements WI.

	R4-2003854
	vivo
	Proposal 1: On whether to define new requirements and tests for DPS transmission scheme 1, adopt option 2, i.e. define requirements for both 1a and 1b schemes for different UE capabilities with corresponding applicability rule.
Proposal 2: Deprioritize the discussion of transmission scheme 2 in R16 NR HST. It can be discussed in late R16 HST WI or in R17.

	R4-2004029
	Ericsson
	Proposal 1: RAN4 does not define new PDSCH demodulation requirements assuming DPS in HST WI.
Proposal 2: RAN4 discuss transmission scheme 2 for low speed and/or FR2 scenario in eMIMO WI first, then reuse the parameters for FR1 high speed scenario in HST WI. Alternatively RAN4 eMIMO WI considers multi-DCI based multi-TRP/Panel transmission for high speed scenario. 
Proposal 3: No more discussions are needed for transmission scheme 3 in Rel-16 HST WI.



Open issues summary
Transmission scheme 1a and 1b
Agreements in RAN4#94e meeting:
· DPS transmission scheme 1 (including 1a and 1b)
· It is feasible to test the transmission scheme 1 without CRI/L1-RSRP feedback 
· Whether to define new requirements and tests for DPS transmission scheme 1
· Option 1 (Qualcomm, Samsung, Ericsson): Do not consider Transmission schemes 1a and 1b for defining new requirements 
· Option 2 (Vivo, Intel, HW, CMCC): Define requirements for both 1a and 1b schemes for different UE capabilities with corresponding applicability rule 

Issue 1-1: Whether to define new requirements and tests for DPS transmission scheme 1
· Proposals
· Option 1 (CMCC, Huawei, vivo, Intel): Define requirements for both 1a and 1b schemes for different UE capabilities with corresponding applicability rule. For the UE which is capable of tracking two TCI states, the requirements specified for transmission scheme 1b are applied. If UE do not support tracking two TCI states, the requirements specified for transmission scheme 1a are applied.
· Option 2 (Qualcomm, Ericsson): Do not consider Transmission schemes 1 for defining new requirements. 
· Recommended WF
· 6 companies discuss issue 1-1. Companies hold the same view as last meeting on whether to define new requirements for DPS transmission scheme 1.  Moderator suggests companies to continue discuss the following two options: 
· Option 1: Define requirements for both 1a and 1b schemes for different UE capabilities with corresponding applicability rule. For the UE which is capable of tracking two TCI states, the requirements specified for transmission scheme 1b are applied. If UE do not support tracking two TCI states, the requirements specified for transmission scheme 1a are applied.
· Option 2: Do not consider Transmission schemes 1 for defining new requirements. 

Transmission scheme 2
Agreements in RAN4#94e meeting:
· Transmission scheme 2
· Option 1 (Qualcomm, HW, Samsung, Vivo, Ericsson): Discuss transmission scheme 2 in eMIMO WI first, then discuss transmission scheme 2 in HST-SFN deployment scenario later in HST WI
· Option 2 (Ericsson, Vivo): Discuss transmission scheme 2 in eMIMO WI (including HST-SFN deployment scenario)
· Option 3 (CMCC, Intel): Discuss transmission scheme 2 with high speed scenario in NR HST WI, discuss transmission scheme 2 with non-high speed scenario in eMIMO WI

Issue 1-2: Transmission scheme 2 
· Proposals
· Option 1 (CMCC): Discuss transmission scheme 2 with high speed scenario in NR HST WI, and discuss transmission scheme 2 with non-high-speed scenario in eMIMO WI.
· Option 2 (Samsung): No requirement for transmission scheme 2 with HST-SFN deployment scenario is introduced in NR eMIMO WI.
· Focus on the open issues for test parameters finalization of HST single-tap and HST SFN transmission.
· If needed, discuss transmission scheme 2 in HST-SFN deployment scenario later in HST WI, when the details test parameters for requirement of transmission scheme 2 are finalized in NR eMIMO WI
· Option 3 (Qualcomm): Transmission scheme 2 should be discussed as part of eMIMO WI first and only consider in HST WI if HST WI still has sufficient TUs left for this discussion.
· Option 4 (Huawei): Discussion on transmission scheme 2 after all other open issues about single tap, DPS and HST-SFN are finalized in NR HST WI.
· Option 5 (vivo): Deprioritize the discussion of transmission scheme 2 in R16 NR HST. It can be discussed in late R16 HST WI or in R17.
· Option 6 (Ericsson): RAN4 discuss transmission scheme 2 for low speed and/or FR2 scenario in eMIMO WI first, then reuse the parameters for FR1 high speed scenario in HST WI. Alternatively RAN4 eMIMO WI considers multi-DCI based multi-TRP/Panel transmission for high speed scenario.
· Option 7 (Intel): Discuss transmission scheme 2 in eMIMO WI first, then discuss transmission scheme 2 in HST-SFN deployment scenario later in HST WI.
· Recommended WF
· 7 companies discuss transmission scheme 2. 6 of them propose to first discuss transmission scheme 2 in eMIMO WI, and then discuss HST later. 4 of them show concern on the TU and would like to deprioritize the transmission scheme 2 discussion in HST WI. 
· Moderator would like to suggest the following recommended WF, and encourage companies to provide comments.
· Discuss transmission scheme 2 in eMIMO WI first, then discuss transmission scheme 2 in HST-SFN deployment scenario later after the parameters in eMIMO WI are finalized and HST WI has sufficient TUs for discussion. 
Transmission scheme 3
Agreements in RAN4#94e meeting:
· Transmission scheme 3
· Transmission scheme 3 is not supported in Rel-16, no requirements are defined in Rel-16 HST WI.
· For the performance benefits and feasibility of transmission scheme 3
· Option 1 (QC, CMCC, HW, Samsung, Ericsson, Vivo ): Companies can bring analysis on the performance benefits and feasibility 
· Option 2 (Intel): Some companies show that transmission schemes 3 provide performance benefits for HST scenario compare to JT 
Issue 1-3: Transmission scheme 3
· Proposals
· Option 1 (Samsung, Qualcomm): No requirement for transmission scheme 3 with HST-SFN deployment scenario is introduced in Rel-16 HST WI. 
· Option 2 (Huawei): Discuss transmission scheme 3 after RAN1 finalizes the specific HST enhancements transmission schemes in NR Rel-17 further MIMO enhancements WI.
· Option 3 (Ericsson): No more discussions are needed for transmission scheme 3 in Rel-16 HST WI.
· Option 4 (Intel): Conclude that transmission scheme 3 provides performance benefits for HST scenarios.

· Recommended WF
· It was already agreed in last meeting that no requirements are defined for transmission scheme 3 in Rel-16 HST WI. 1 company would like to conclude that transmission scheme 3 provides performance benefits for HST scenarios. Moderator suggests the following recommended WF, and encourage companies to provide comments:
· Transmission scheme 3 is not supported in Rel-16, no requirements are defined in Rel-16 HST WI.
· For the performance benefits and feasibility of transmission scheme 3
· Some companies show that transmission schemes 3 provide performance benefits for HST scenario. 

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	CMCC
	Issue 1-1: Whether to define new requirements and tests for DPS transmission scheme 1
Option 1. For HST single tap, the quick frequency changes from positive to negative or vice versa occur in handover or cell re-selection. While for DPS transmission scheme 1, the sharp doppler shift switch happen in the switch of TRPs of the same cell, which may have impact on the UE performance. In this case, it is prefer to define new requirements for transmission scheme 1.
Issue 1-2: Transmission scheme 2 
Our preference is option 1. However, to avoid the overlap work between two WI, we can compromise to moderator’s recommended WF.
Issue 1-3: Transmission scheme 3
We are OK with moderator’s recommended WF.

	Huawei
	Issue 1-1: Whether to define new requirements and tests for DPS transmission scheme 1
We prefer Option 1. There are different Doppler shift changing trajectories and UE Doppler shift tracking capability for single tap and DPS, it cannot conclude that HST single tap can cover the baseband processing for DPS 1a and 1b. RRM discussion focuses on the TRS switching time, both RAN1 core specification and RRM TRS switching time requirements are just used for the test setup for demodulation requirements, demodulation requirements focus on the baseband processing capability of handling TCI state switching and association, and the Doppler shift tracking.
Issue 1-2: Transmission scheme 2 
We agree the recommend WF.

	Samsung
	Issue 1-2
We prefer option 2 and recommend WF. As mentioned, Rel-16 NR HST and Rel-16 NR eMIMO are two parallel WIs. It is not appropriate to combine those two WIs and define the requirement based on another WI feature, meanwhile, there is no objective included in HST WI.  
Additionally, the UE capability is under discussion for NR eMIMO. 
Generally, there are still many open issues with related single-tap, HST-SFN and fading channel. From the RAN4 workload and scheduling for HST WI,
 we prefer to focus on the open issues for test parameters finalization of HST single-tap and HST SFN transmission

Issue 1-3
We prefer recommend WF with 1st bullet as
No more discussion and No requirements for Transmission 3 in Rel-16 HST WI. 
Meanwhile, based on the existed open issue for single-tap, HST-SFN and fading channel, we prefer to no more discussion for transmission 3, since it is out of scope of Rel-16 RAN1 supported feature. We suggest to discuss transmission 3 after RAN1 finalizes the specific HST enhancements transmission schemes in NR Rel-17 further MIMO enhancements WI

	Intel
	Issue 1-1: Whether to define new requirements and tests for DPS transmission scheme 1
We keep the same view that it is necessary to define UE demodulation requirements for DPS transmission scheme. This is a feasible NR deployment and already defined test cases cannot cover it due to another channel model and test setups. The channel propagation conditions are not same as HST Single tap model due to frequency jump in switching point (Figure below). The proper handling of this frequency jump is verified in HST-SFN test case but considering advanced UE behavior which is not assumed in DPS. In result, from baseband perspective we cannot cover DPS performance by already defined requirements.
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	Doppler level trajectories for HST DPS and HST Single tap


Also, we would like to note that our main intention is to not verify RRM TCI state switching but overall demodulation performance. 
Issue 1-2: Transmission scheme 2
We agree with recommended WF. 
Issue 1-3: Transmission scheme 3
We agree with recommended WF. It strictly follows the previous RAN4 agreements: Study the feasibility and performance benefits… (RAN4 #92bis). RAN4 have provided study and in result have conclusions on both aspects. We do not want to discuss this transmission schemes further, but both feasibility and performance benefits should be captured in outcome since RAN4 have been discussing them several meetings

	Ericsson
	Issue 1-1:
Option 2. Some companies comment DPS (transmission scheme 1) has huge Doppler shift change but not in single tap. However RAN4 is also discussing the HST-SFN scenario where the UE need to follow the huge Doppler shift changes if UE follows the strongest TRP. With the HST single tap and HST-SFN requirements, we don’t think RAN4 need PDSCH demodulation requirements with transmission scheme 1. 
Issue 1-2:
We support the moderator’s WF. Or we could say RAN4 will discuss transmission scheme 2 (multi-DCI based non-coherent joint transmission (NC-JT)) in HST-SFN scenario from [August/2020]. 
Issue 1-3:
We support Options 1, 2, and 3. 
For Transmission scheme 3 we have concluded that it is not supported in Rel-16, thus we prefer not to further discuss whether or not there are any performance benefits using this transmission scheme. The objective of Rel-16 NR HST Performance part is to ‘specify the UE demodulation requirements and test cases for NR PDSCH’, so we don’t think performance evaluation is not in the scope of this WI. 

	vivo
	Issue 1-1: Whether to define new requirements and tests for DPS transmission scheme 1
We prefer option 1. As discussed in our paper, the Doppler shift in DPS is not covered by single-tap. Advanced receiver in HST-SFN should be an optional feature, while track 1 or 2 TCI states are mandatory in Rel. 15. We prefer to define requirements based on mandatory features.
Regarding to how to schedule UEs with different capability, in our view, scheduling is done on per-UE basis. Moreover, better performance can be achieved if UE supports tracking 2 TCI states. 
Issue 1-2: Transmission scheme 2 
We are fine with moderator’s WF.
Issue 1-3: Transmission scheme 3
We are fine with moderator’s WF.


	Qualcomm
	Issue 1-1: Prefer Option 2. Same comment as Ericsson. Also, tracking this kind of Doppler shift change may need HST-SFN UE capability because this kind of tracking is part of HST-SFN and it is up to UE implementation whether UE uses HST-SFN signalling for tracking this kind of Doppler shift or not. In that sense, it will be unfair to force those UEs to track this Doppler shift without any UE capability and may result in very bad performance without signalling. If we need to enable HST-SFN signalling, then it is already covered by HST-SFN tests.
Issue 1-2: We are ok with recommended WF
Issue 1-3: We prefer not to discuss any performance benefits in this WI because this scheme is not in the scope of this WI. So, we prefer not to have the 2nd bullet in recommended WF.


 
Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Issue 1-1: Whether to define new requirements and tests for DPS transmission scheme 1
	Options discussed in the 1st round
o	Option 1 (CMCC, Huawei, Intel, vivo): Define requirements for both 1a and 1b schemes for different UE capabilities with corresponding applicability rule. For the UE which is capable of tracking two TCI states, the requirements specified for transmission scheme 1b are applied. If UE do not support tracking two TCI states, the requirements specified for transmission scheme 1a are applied.
o	Option 2 (Ericsson, Qualcomm): Do not consider Transmission schemes 1 for defining new requirements.
During the 1st round email discussion, 6 companies comment on issue 1-1, 4 companies support option 1 and 2 companies support option 2. Although companies hold different opinions on whether to introduce requirements and test cases for transmission scheme 1, but moderator found that maybe we can reach the common understanding that :
The channel propagation conditions of transmission scheme 1 are different from HST single tap due to frequency jump in switching point. The proper handling of the frequency jump cannot be verified in HST single tap test case, but can be verified in HST-SFN test case. 
Recommendations for 2nd round:
Common understanding: The channel propagation conditions of transmission scheme 1 are different from HST single tap due to frequency jump in switching point. The proper handling of the frequency jump cannot be verified in HST single tap test case, but can be verified in HST-SFN test case. 
If companies agree with the above common understanding, moderator would like to ask the following questions for further discussion:
Q1: If both HST single tap and HST-SFN are tested, whether we still need new requirements and test cases for transmission scheme 1?
· Option 1: No
· Option 2: Yes
Q2: If HST-SFN is optional supported by UE, and UE does not test HST-SFN, whether new test is needed for transmission scheme 1?
· Option 1: No
· Option 2: Yes

	 Issue 1-2: Transmission scheme 2
	7 companies comment on issue 1-2, and all agree with moderator’s recommended WF.
Tentative agreements:
Discuss transmission scheme 2 in eMIMO WI first, then discuss transmission scheme 2 in HST-SFN deployment scenario later after the parameters in eMIMO WI are finalized and HST WI has sufficient TUs for discussion.

	Issue 1-3: Transmission scheme 3
	6 companies discuss issue 1-3. 3 companies have concern with the 2nd bullet about performance benefits and feasibility of transmission scheme 3, 1 companies think it is important to capture the 2nd bullet. 
· (CMCC, Samsung, Ericsson, vivo, Qualcomm, Intel)Transmission scheme 3 is not supported in Rel-16, no requirements are defined in Rel-16 HST WI. 
· (CMCC, vivo, Intel)For the performance benefits and feasibility of transmission scheme 3 (
· Some companies show that transmission schemes 3 provide performance benefits for HST scenario. 
Firstly, moderator think that the 2nd bullet only says “some companies show…”, which reflects the fact of RAN4 discussion. Meanwhile, moderator doesn’t think this is a critical issue since we already agreed to not support transmission scheme 3.
So I suggest the following tentative agreement:
Tentative agreements:
Transmission scheme 3 is not supported in Rel-16, no requirements are defined in Rel-16 HST WI. 
For information: Some companies show that transmission schemes 3 provide performance benefits for HST scenario.
Recommendations for 2nd round:
Check whether the above tentative agreement and sentence for information is acceptable



Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	WF on NR HST UE demodulation
	CMCC




Discussion on 2nd round (if applicable)
Open issues summary
Issue 1-1: Whether to define new requirements and tests for DPS transmission scheme 1
o	Option 1 (CMCC, Huawei, Intel, vivo): Define requirements for both 1a and 1b schemes for different UE capabilities with corresponding applicability rule. For the UE which is capable of tracking two TCI states, the requirements specified for transmission scheme 1b are applied. If UE do not support tracking two TCI states, the requirements specified for transmission scheme 1a are applied.
o	Option 2 (Ericsson, Qualcomm): Do not consider Transmission schemes 1 for defining new requirements.
Recommendations for 2nd round:
Do companies agree with the following common understanding?
· The channel propagation conditions of transmission scheme 1 are different from HST single tap due to frequency jump in switching point. The proper handling of the frequency jump cannot be verified in HST single tap test case, but can be verified in HST-SFN test case. 
If companies agree with the above common understanding, moderator would like to ask the following questions for further discussion:
Q1: If both HST single tap and HST-SFN are tested, whether we still need new requirements and test cases for transmission scheme 1?
· Option 1: No
· Option 2: Yes
Q2: If HST-SFN is optional supported by UE, and UE does not test HST-SFN, whether new test is needed for transmission scheme 1?
· Option 1: No
· Option 2: Yes

Issue 1-3: Transmission scheme 3
Proposal: 
· Transmission scheme 3 is not supported in Rel-16, no requirements are defined in Rel-16 HST WI. 
· For information: Some companies show that transmission schemes 3 provide performance benefits for HST scenario.

Recommendations for 2nd round:
The 2nd bullet only says “some companies show…”, which reflects the fact of RAN4 discussion. Meanwhile, moderator doesn’t think this is a critical issue since we already agreed to not support transmission scheme 3.
Please check whether the above proposal  is acceptable.
0. Open issues 
	Company
	Comments

	Huawei
	Issue 1-1: Whether to define new requirements and tests for DPS transmission scheme 1
We have different understanding for the yellow highlighted part below:
· The channel propagation conditions of transmission scheme 1 are different from HST single tap due to frequency jump in switching point. The proper handling of the frequency jump cannot be verified in HST single tap test case, but can be verified in HST-SFN test case. 
“The proper handling of the frequency jump can be verified in HST-SFN test case” is based on the assumption of the comments of ‘RAN4 is also discussing the HST-SFN scenario where the UE need to follow the huge Doppler shift changes if UE follows the strongest TRP’ from some companies, but from our understanding, how to tracking Doppler is up to UE implementation for HST-SFN, UE cannot be assumed to use ‘tracking the strongest’ manner. UE performing ‘tracking to zero’ manner can achieve better performance without a large frequency jump. Therefore, we do NOT think there must be a large frequency jump for HST-SFN. We do NOT think the proper handling of the frequency jump can be verified in HST-SFN test case.
Therefore, we propose to define requirements for both 1a and 1b schemes for different UE capabilities with corresponding applicability rule.

	Intel
	Issue 1-1: Whether to define new requirements and tests for DPS transmission scheme 1
We agree with Huawei comment regarding common understanding. From UE side Doppler trajectory in HST-SFN depends on enhance tracking algorithm which is up to UE implementation. With “follow strongest” tracking strategy UE observes significant frequency jump, but with “follow zero” do not observe. Same time frequency jump is always present in DPS transmission. In this case answer for Q1 should be Yes (Option 2) since RAN4 cannot guarantee that frequency jump is verified in HST-SFN due to different UE implementations. 
Regarding the Q2, if UE does not support advanced processing for HST-SFN, network can schedule this UE only in regular conditions (which is suffered from frequent HO in HST) or in DPS. For regular scheduling we have enough performance test cases (HST Single tap, HST Fading, normal PDSCH). Same time there is no any demodulation tests for DPS which is naturally supported in NR. In result, the answer for Q2 should be Yes (Option 2). 
Issue 1-3: Transmission scheme 3
We agree with suggested proposal.  It strictly follows the previous RAN4 agreement: Study the feasibility and performance benefits… (RAN4 #92bis). RAN4 have provided study and in result have conclusions on both aspects. Both feasibility and performance benefits should be captured in outcome.

	Ericsson
	Issue 1-1:
Regarding the ‘common understanding’, RAN4 test setup for transmission scheme 1 switches TRPs deterministically without UE feedback. From the Doppler shift point of view, therefore, we think transmission scheme 1 (Left figure below) is a special case of HST-SFN scenario (Right figure below), i.e., the case advanced frequency tracker detects the strongest path from RRHs in SFN. 
[image: ][image: ]
Q1: No. 
If UE is capable of DemodulationEnhancementforNR-HST, then UE should be able to pass the transmission scheme 1 if the condition (number of RRHs, Doppler, etc.) is same. Moreover, we don’t think active TCI status monitoring capability is not related to HST WI.
Q2: No.
We understand this question assumes the test setup without network assisted signaling: highSpeedEnhDemodFlagforNR. 
We have not discussed the UE velocity, but as far as the difference between maximum positive Doppler shift and negative Doppler shift is within the TRS symbol period, UE should be able to compensate it, and it is the same discussion as other HST demodulation discussion.  
Issue 1-3: The first sentence is enough: ‘Transmission scheme 3 is not supported in Rel-16, no requirements are defined in Rel-16 HST WI’. 

	Qualcomm
	Issue 1-1: Similar views as Ericsson. Frequency tracking is same as HST-SFN case. It is not fair to ask UE to support this kind of frequency tracking without HST-SFN capability. So, answer to both Q1 and Q2 is No and our preference is not to define such test.
Issue 1-3: Same comment as Ericsson. Second bullet is not needed. 

	vivo
	Issue 1-1: Whether to define new requirements and tests for DPS transmission scheme 1
The UE feature for HST-SFN is still under discussion. The advanced receiver for HST-SFN joint transmission (JT) should be optional UE feature in our view. However, transmission scheme 1 means UE can support HST-SFN without the reporting the capability of supporting advanced receiver for JT, but only with some mandatory features in R15. We may denote it as HST-SFN DPS to differentiate from HST-SFN JT
Regarding to the common understanding, we are generally fine with the proposal from moderator if HST-SFN here means the agreed requirement and test cases for HST-SFN JT in LTE.
Regarding to Q1, the answer is No. In our view, for testing regarding to frequency jump, there is no significant difference between HST-SFN JT and HST-SFN DPS. Whether to track zero frequency or frequency of the strongest cell should be UE implementation.
Regarding to Q2, the answer is Yes. 
We agree with the moderator to only put the phrase ‘test case’ in Q2. In our view, if we need possible compromise, we can compromise to at least specify test cases for HST-SFN DPS, and leave the additional requirements of HST-SFN DPS as FFS. We see some proponent of ‘No’ to both Q1Q2 also contributes in the test case design for HST-SFN DPS.
[One comment to Ericsson] Since the transmission scheme 1 is still under discussion, whether  ‘highSpeedEnhDemodFlagforNR’ is configured for this is not decided yet. In our view, it is not necessary to signal ‘highSpeedEnhDemodFlagforNR’ to UE to indicate such deployment is HST-SFN DPS. Therefore we may need define test cases for HST-SFN DPS since it is different from HST-SFN JT.



Summary on 2nd round (if applicable)
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	R4-2005532
	The way forward on NR HST UE demodulation is agreeable



Topic #2: Requirements for HST-SFN
Agenda  6.17.2.1.2
Companies’ contributions summary
	TDoc
	Source
	Proposals / Observations

	R4-2002966
	Samsung
	In this contribution we provide simulation results for HST – SFN channels.

	R4-2003188
	Intel Corporation
	Proposal #1:	Do not consider 0.1 ppm frequency estimation error for max supported Doppler frequency determination for 15 kHz SCS scenario.
Proposal #2:	Do not consider impact of receive signals from farthest RRHs on max supported Doppler frequency determination for 30 kHz SCS scenario.
Proposal #3:	Use the following max Doppler frequencies for HST-SFN JT requirements:
-	TDD 30 kHz SCS: 1667 Hz
-	FDD 15 kHz SCS: 870 Hz
Proposal #4:	Do not define HST-SFN demodulation requirements for lower UE speed than 500 km/h.
Proposal #5:	Do not schedule data in TDD special slots in HST-SFN test cases to achieve maximum throughput.

	R4-2003711
	Huawei, HiSilicon
	Observation 1: Supporting of 500km/h is a higher requirements on Doppler comparing to that of 350km/h.
Proposal 1: Do not define requirements for target speed of 350km/h for HST-SFN.
Observation 2: ±0.1ppm frequency error is refer to UE UL frequency error which has no influence on UE demodulation performance. 
Observation 3: Considering a worse case, UE DL frequency error can be +0.1ppm or -0.1ppm at one time and should not consider both +0.1ppm and -0.1ppm at the same time.
Observation 4: For SFN, maximum frequency tracking capability is not affected by FTL error no matter where UE is.
Proposal 2: No need to consider ±0.1ppm UE DL frequency error and other errors.
Proposal 3: Adopt maximum Doppler shift 870Hz for FDD with 15kHz SCS, 1667Hz for TDD with 30kHz SCS.

	R4-2004004
	NTT DOCOMO, INC.
	Proposal 1: Target Doppler frequency in the HST-SFN test as follows.
•	Maximum Doppler frequency
–	For TDD 30 KHz SCS, 500km/h  
•	Option 1: 1667Hz
–	For FDD 15 KHz SCS, 500km/h
•	Option 2: 870Hz 

Proposal 2: Introduce the requirement for 350 km/h

	R4-2003478
	CMCC
	Maximum Doppler frequency for HST-SFN
Proposal 1: for HST-SFN with 30 KHz SCS, the DL maximum Doppler frequency is proposed to be 1667 Hz.
Proposal 2: for HST-SFN with 15 KHz SCS, the DL maximum Doppler frequency of 851 Hz or 870Hz are OK.
Proposal 3: for HST single tap with 15 KHz SCS, the DL maximum Doppler frequency is proposed to be 1250 Hz.
Transmission scheme
Proposal 4: Define requirements for both 1a and 1b schemes for different UE capabilities with corresponding applicability rule. For the UE which is capable of tracking two TCI states, the requirements specified for transmission scheme 1b are applied. If UE do not support tracking two TCI states, the requirements specified for transmission scheme 1a are applied.
Proposal 5: it is proposed to discuss transmission scheme 2 with high speed scenario in NR HST WI, and discuss transmission scheme 2 with non-high-speed scenario in eMIMO WI.
Release independent
Observation 1: It is feasible for HST-SFN to be release independent from Rel-15 considering signalling introduced in Rel-16. Same methodology (early implementation) as in the release independent for Rel-14 LTE HST WI can be reused for NR HST. 
•	Rel-14 LTE HST are release independent from Rel-13 
•	For the issue that network assistance signalling and UE capability are introduced in Rel-14 LTE HST, early implementation is used in RAN2 to enable the release independent from Rel-13 without specification change
Proposal 6: Rel.16 HST requirements, including HST-SFN, HST single tap and multi-path fading, are proposed to be release independent from Rel-15.



Open issues summary
Maximum doppler frequency for HST-SFN
Agreements in RAN4#94e meeting:
· Maximum Doppler frequency 
· For TDD 30 KHz SCS, 500km/h  
· Option 1 (CMCC, Huawei, Intel, DOCOMO) : 1667Hz
· Option 2 (Qualcomm, Samsung): 1500Hz  
· For FDD 15 KHz SCS, 500km/h 
· Option 1 (CMCC, Qualcomm, DOCOMO, Samsung): 851Hz
· Option 2 (Huawei, Intel, DOCOMO, CMCC) : 870Hz
Issue 2-1: Maximum Doppler frequency for 30KHz 500km/h 
· Proposals
· Option 1 (CMCC, Intel, Huawei, DOCOMO): 1667Hz
· Option 2 (Qualcomm): 1500Hz 
· Recommended WF
· 5 companies discuss issue 2-1, 4 companies propose 1667Hz, 1 company propose 1500Hz. Companies hold the same view as last meeting. 
· Considering that the performance difference is small (about 0.5dB based on 2 companies’ simulation results, and almost the same based on 1 company’s results), Moderator would like to suggest companies check whether 1667Hz is acceptable.

Issue 2-2: Maximum Doppler frequency for 15KHz 500km/h 
· Proposals
· Option 1 (CMCC, Qualcomm): 851Hz
· Option 2 (CMCC, Intel, Huawei, DOCOMO): 870Hz
· Recommended WF
· 5 companies discuss issue 2-2, 4 companies propose 870Hz
· Considering that the performance difference is small (according to the simulation results provided in this meeting), Moderator would like to suggest companies check whether 870Hz is acceptable.

Issue 2-3: ppm assumption for UE DL frequency error 
· Proposals
· Option 1 (Intel, Huawei): do not consider +/-0.1ppm frequency error
· Option 2 (Qualcomm): Use +/-0.1ppm frequency error when determining maximum Doppler frequency for HST-SFN.

· Recommended WF
· 3 companies discuss issue 2-3, 2 companies propose to not consider +/- 0.1ppm frequency error. Since issue 2-3 is tightly related to Issue 2-1 and 2-2, moderator suggests focus on discussing Issue 2-1 and 2-2.

Scheduling in TDD special slot for HST-SFN
Agreements in RAN4#94e meeting:
· Scheduling in TDD special slot for multi-path fading
· Option 1 (Qualcomm, Ericsson, Huawei, Intel): For PDSCH with TDD configuration, do not schedule data in the special slot in order to achieve maximum throughput. 
· Option 2 (Intel): Do not schedule data on special slot in HST fading scenario and also check same issue for HST-SFN scenario 
· Option 3 (Samsung, HW): Align with normal PDSCH assumption in Rel-16. 
· Option 4 (DOCOMO): Further simulation is needed.
· Option 5 (CMCC) : Further check this issue for multi-path fading channel HST-SFN scenario 
Issue 2-4: scheduling in TDD special slot for HST-SFN 
· Proposals
· Option 1(Intel, Qualcomm): 	Do not schedule data in TDD special slots in HST-SFN test cases to achieve maximum throughput.
· Recommended WF
· 2 companies discuss Issue 2-4 and propose to not schedule data in TDD special slots in HST-SFN to achieve maximum throughput. Moderator suggests companies to check whether option1 is agreeable. 
Target speed
Agreements in RAN4#94e meeting:
· For HST-SFN,
· FFS on whether to introduce requirements for target speed of 350km/h.
· Option 1 (Qualcomm, Huawei, Intel, Samsung): Do not define requirements for target speed of 350km/h 
· Option 2 (DOCOMO, CMCC): Introduce requirements for target speed of 350km/h with higher MCS. 
· Option 3 (vivo):  If significant performance gain can be achieved for 350km/h compared to that of 500km/h, we can add some test cases with a note indicating that it should be applied for 350km/h. 

Issue 2-5: Target speed for HST-SFN
· Proposals
· Option 1 (Intel, Huawei, Qualcomm): Do not define requirements for target speed of 350km/h for HST-SFN.
· Option 2 (DOCOMO): Introduce the requirement for 350 km/h
· Recommended WF
· 4 companies discussed issue 2-5, 3 of them propose to not define requirements for 350km/h, while 1 company support to introduce the requirements for 350km/h. 
· This issue has been discussed for several meetings. In order to move forward, moderator would like to suggest more companies provide comments and possible compromise considering operators’ request as well as limiting test numbers.

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	CMCC
	Issue 2-1: Maximum Doppler frequency for 30KHz 500km/h 
As observed by companies, the performance difference between 1500Hz and 1667Hz is small, 1667Hz is preferred
Issue 2-2: Maximum Doppler frequency for 15KHz 500km/h
We are OK with Moderator’s recommend WF and 870Hz is acceptable
Issue 2-5: Target speed for HST-SFN
From our point of view, the reason we prefer to introduce requirements for 350km/h is that higher MCS can be considered compared with that for 500km/h. To move forward, it is suggested that we could perform simulation for 350km/h for HST-SFN and check which MCS can be achieved. If the performance gap is small, we are OK to only define requirements for 500km/h.

	Huawei
	Issue 2-1: Maximum Doppler frequency for 30KHz 500km/h 
We prefer Option 1. Firstly, 1667Hz is half of 3334Hz which is the maximum Doppler defined at the BS side for TDD 30kHz SCS for 500km/h. Secondly, 1667Hz is within the range of the maximum frequency tracking capability. Thirdly, the impact of two lower-power paths (<-12dB) can be ignored.
Issue 2-2: Maximum Doppler frequency for 15KHz 500km/h
We prefer Option 2. We don’t see any specification declare that UE DL frequency error can reach to ±0.1ppm. UE DL frequency error can be limited to a rather lower value which is further less than 0.1ppm. Also, with a certain value of UE DL frequency error for UE, it is no impact on the maximum frequency tracking capability. Considering the analysis of Issue 2-2 is based on Issue 2-3, we propose to discuss Issue 2-3 firstly.
Issue 2-3: ppm assumption for UE DL frequency error 
We prefer Option 1. We don’t see any specification declare that UE DL frequency error can reach to ±0.1ppm. UE DL frequency error can be limited to a rather lower value which is further less than 0.1ppm. Also, with a certain value of UE DL frequency error for UE, it is no impact on the maximum frequency tracking capability.
Issue 2-4: scheduling in TDD special slot for HST-SFN 
We do not have strong views about this whether to limit the initial and retransmission scheduling on the same type of slots considering such constraints from core specification point of view. But Option 1 is ok for us.
Issue 2-5: Target speed for HST-SFN
We prefer Option 1. Doppler corresponding to target speed of 350km/h and 500km/h are both in the range of maximum UE frequency tracking capability, i.e. less than 875Hz. That means UE can estimate frequency offset correctly for such two speeds. Also, there is almost no difference on other UE processing procedure between 350km/h and 500km/h except the Doppler shift tracking, same performance can be expected if UE can correctly handle the Doppler shift.
For our understanding, UE passing the performance requirements for 500km/h don’t need to duplicate the testing since it definitely supports 350km/h. For higher MCS that is not feasible for target speed of 500km/h, it should be not feasible for target speed of 350km/h. We don’t see any necessity to introduce requirements for target speed of 350km/h.


	Intel
	Issue 2-1: Maximum Doppler frequency for 30KHz 500km/h 
We agree with recommended WF. Companies which supports option with 1500 Hz did not provide any technical comments or analysis to support this option. Same time several companies show that the impact of the interference taps is negligible which means that we can ignore them. In result, overall performance difference between these two options is also negligible.  
Issue 2-2: Maximum Doppler frequency for 15KHz 500km/h 
We agree with recommended WF. Several companies show that there is no performance difference between these two options. In our paper we also analyzed maximum error of frequency offset estimation. The main conclusion that error is rather small and limited by ~15 Hz. 
Issue 2-5: Target speed for HST-SFN
Based on our analysis scenario with 350 km/h do not allow to achieve significance performance gain. Also, the advanced UE receive processing in HST-SFN does not depend on the speed and will be same for 350 km/h and 500 km/h. In total, requirements with 500 km/h will be enough.  

	DOCOMO
	Issue 2-1: We prefer Option 1.
Issue 2-2: We prefer Option 2.
Issue 2-5: We reiterate our motivation for introducing the 350 km/h requirement.　At the moment, 350 km/h is a typical deployment compare to 500 km/h.　In this sense, it's important to optimise the performance for 350 km/h.　To be more precise, we prefer to introduce the requirement for the higher MCS as 64QAM.

	Qualcomm
	Issue 2-1: We prefer Option 2. We compared 2 paths and 4 paths to quantify the loss due to delay spread going outside of CP. Below are the SNR required to reach 70% throughput for TDD with 4Rx:
2 Paths, 1667 Hz: 8.2 dB
4 Paths, 1667 Hz: 10.5 dB
So, we see about 2.3dB loss due to delay spread being larger than CP. That is why we want to have some margin and prefer 1500Hz Doppler because we will have other impairments in the field that are not taken into account in companies’ simulations.
Issue 2-2, Issue 2-3: Similar to LTE, we would like to keep the assumption of +/-0.1ppm frequency error in NR to provide adequate margin in the field as we have explained in past meetings. There is a 0.1ppm requirement for Tx frequency error and Tx frequency error is based on DL frequency error, so we should follow the same margin for DL frequency error. We still prefer 851Hz for Issue 2-2 and prefer Option 2 for Issue 2-3.
Issue 2-5: UE algorithm is not going to change whether it is 350km/h or 500km/h because network signalling and UE capability is same for both the speeds. So, we don’t see any benefit of introducing the tests with lower speeds.


 

Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Issue 2-1: Maximum Doppler frequency for 30KHz 500km/h
	5 companies comment on issue 2-1. 4 companies support 1667Hz, and 1 company support 1500Hz. These two options has been discussed for several meetings, and companies view never change…
o	Option 1 (CMCC, Intel, Huawei, DOCOMO): 1667Hz
o	Option 2 (Qualcomm): 1500Hz
3 companies’ results show that the performance difference between the two values are small (<=0.5dB). 
1 company comments that that there are 2.3dB loss between 2 paths and 4 paths due to delay spread being larger than CP. So 1500Hz is proposed. 
Recommendations for 2nd round:
More discussion is needed based on the following two options. Companies are also encouraged to comment on the 2.3dB loss between 2 paths and 4 paths. 
o	Option 1: 1667Hz
o	Option 2: 1500Hz

	Issue 2-2: Maximum Doppler frequency for 15KHz 500km/h
	4 companies comment on issue 2-2. 1 company support 851Hz, and the other companies support 870Hz. Same situation as issue 2-1…
o	Option 1 (Qualcomm): 851Hz
o	Option 2 (CMCC, Intel, Huawei): 870Hz
Since we aim to support 500km/h in this WI, and only 19Hz different between these two values, and no performance difference. No new technical comment on 870Hz except for the 0.1ppm assumption. Really appreciate that if companies can consider 870Hz.
Recommendations for 2nd round:
Further discuss the following two options and strive to agree on one value.
o	Option 1: 851Hz
o	Option 2: 870Hz

	Issue 2-3: ppm assumption for UE DL frequency error
	2 companies comment on this issue. 1 company think there is no specification declare that UE DL frequency error can reach to +/0.1ppm. 1 company would like to keep the assumption of +/-0.1 ppm frequency NR.
Basically companies support larger values in issue 2-1 and 2-2, support smaller error than +/- 0.1ppm, and companies support smaller values support to keep +/-0.1ppm error. Moderator doesn’t see the meaning to repeat this discussion again and again. 
Recommendations for 2nd round:
No more discussion on issue 2-3. Focus on issue 2-1 and 2-2.

	Issue 2-4: scheduling in TDD special slot for HST-SFN
	1 company comment on issue 2-4 and agree with the propose option. 
Tentative agreements:
Do not schedule data in TDD special slots in HST-SFN test cases to achieve maximum throughput.

	Issue 2-5: Target speed for HST-SFN
	5 companies comment on issue 2-5. 3 companies support option 1 and 2 companies support option 2. Vendors vs. operators…
–	Option 1 (Intel, Huawei, Qualcomm): Do not define requirements for target speed of 350km/h for HST-SFN.
–	Option 2 (DOCOMO, CMCC): Introduce the requirement for 350 km/h 
Recommendations for 2nd round:
Companies please check whether the following recommended WF is acceptable during 2nd round discussion:
· Encourage companies to check the simulation results for 350km/h HST-SFN and check which MCS can be achieved. Then decide whether to introduce requirements for 350km/h with higher MCS.



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	
	





Discussion on 2nd round (if applicable)
 Open issues summary
Issue 2-1: Maximum Doppler frequency for 30KHz 500km/h
o	Option 1 (CMCC, Intel, Huawei, DOCOMO): 1667Hz
o	Option 2 (Qualcomm): 1500Hz
Recommendations for 2nd round:
3 companies’ results show that the performance difference between the two values are small (<=0.5dB). 
1 company comments that that there are 2.3dB loss between 2 paths and 4 paths due to delay spread being larger than CP. So 1500Hz is proposed. 
More discussion is needed based on the two options. Companies are also encouraged to comment on the 2.3dB loss between 2 paths and 4 paths. 

Issue 2-2: Maximum Doppler frequency for 15KHz 500km/h 
o	Option 1 (Qualcomm): 851Hz
o	Option 2 (CMCC, Intel, Huawei): 870Hz
Recommendations for 2nd round:
Since we aim to support 500km/h in this WI, and only 19Hz different between these two values, and no performance difference. No new technical comment on 870Hz except for the 0.1ppm assumption. Really appreciate that if companies can consider 870Hz.
Further discuss the following two options and strive to agree on one value.
o	Option 1: 851Hz
o	Option 2: 870Hz

Issue 2-5: Target speed for HST-SFN
–	Option 1 (Intel, Huawei, Qualcomm): Do not define requirements for target speed of 350km/h for HST-SFN.
–	Option 2 (DOCOMO, CMCC): Introduce the requirement for 350 km/h 
Recommendations for 2nd round:
Companies please check whether the following recommended WF is acceptable during 2nd round discussion:
Encourage companies to check the simulation results for 350km/h HST-SFN and check which MCS can be achieved. Then decide whether to introduce requirements for 350km/h with higher MCS.
0. Open issues 
	Company
	Comments

	Huawei
	Issue 2-1: Maximum Doppler frequency for 30KHz 500km/h
We prefer Option 1. The impact of delay spread has been taken into consideration for simulation. We don’t see any necessary to add such margin. Also, we provide the performance difference between 2 paths and 4 paths (simulation assumption: TDD30kHz, 2T2R, Doppler1667Hz)
SNR@70% maximum throughput
· 2 paths: 10.09 dB
· 4 paths: 10.61dB
There is only about 0.5dB difference between 2 paths and 4 paths and the maximum throughput can be achieved for 1667Hz Doppler based on simulation results provided by companies.


	Intel
	Issue 2-1: Maximum Doppler frequency for 30KHz 500km/h
It is obviously that there will be a performance difference between 2 and 4 tap channel models even with zero Doppler frequency. The degradation factor is not high speed, but propagation delay. In this case it is not reasonable to compare these scenarios to derive Doppler frequency. Based on our evaluations for 4 tap channel model there is a negligible performance difference between scenario with 1667 Hz and 1500 Hz Doppler frequency. Some companies also confirm this. Therefore, we cannot accept proposed logic to reduce Doppler frequency to 1500 Hz and still prefer Option 1. 
Issue 2-2: Maximum Doppler frequency for 15KHz 500km/h 
There is no need to consider 0.1 PPM frequency error. There is no performance difference between considered options. In result, RAN4 should not follow logic to reduce Doppler frequency to 851 Hz. We still prefer Option 2 (870 Hz)
Issue 2-5: Target speed for HST-SFN
In paper R4-2003188 we provided comparison study between scenarios with 350 km/h and 500 km/h UE speed. The following observations were made: 
Scenario with 500 km/h compare to scenarios with 350 km/h UE speed:
1) Performance loss on 70%@ max achievable throughput is less than 0.7 dB for MCS values from 13 to 17.
2) The max achievable throughput is less on 1% for MCS 15, 17 and less on 2% for MCS 16. 
As we see the performance difference is rather small on 70%@ max achievable throughput. Also, scenario with 350 km/h cannot allow support sufficient improvement in terms of max provided throughput. Based on these observations we do not see necessity to define requirements for 350 km/h. Prefer option 1.

	Qualcomm
	Issue 2-1: We ran more simulations to quantify the impact of delay spread being twice the CP. We noticed that difference between 2 path and 4 path for FDD is 1.2dB while in case of TDD, it is 2.3dB. So, we lose 1.1dB because of delay spread being outside CP. 
Based on our analysis, since delay spread is larger than CP in 30kHz SCS, ISI is unavoidable. Our concern for 1667Hz is that when FTL is tracking the strongest path, the frequency offset for the other path can go up to 3333Hz, which is larger than 10% of SCS, leading to significant ICI. Therefore, we have unavoidable ISI together with significant ICI compared to FDD case where we only have ICI. Even if simulation results looks ok, in practice for tracking loops and CE implementation, this is a hard problem to handle. Therefore we propose 1500Hz to at least reduce frequency offset to be within 10% of SCS.
Given that most companies want 1667Hz, in order to make progress, we can compromise in Doppler, however, to address the larger than CP delay spread together with larger than SCS frequency offset issue, we would like to have larger implementation margin of 1 dB instead of 0.5dB being added on top of average impairment simulation results to account for the difficulties in tracking loop and CE implementation
Issue 2-2: We understand that there is not much difference in 870Hz and 851Hz. However, given the Tx frequency error requirement of 0.1ppm, which is inherently derived based on DL frequency error, we would like to maintain 0.1ppm frequency error margin for NR, similar to LTE.
Given that most companies want 870Hz, we can agree to make an exception to agree to 870Hz since it is very close to 851Hz. However, we would like to make an agreement on 0.1ppm frequency assumption for frequency error tracking in NR.
Issue 2-5: We still prefer Option 1. We are trying to define minimum requirements for UE and we don’t see why RAN4 needs to define two set of requirements to test same UE demod algorithms.

	NTT DOCOMO
	Issue 2-2: Maximum Doppler frequency for 15KHz 500km/h
 We still support Option 2 although our name seems to be accidently removed from proponents.
Issue 2-5: Target speed for HST-SFN
We still believe 350 km/h HST would be reasonable and preferable for initial HST services however, based on Intel’s fruitful results, we understand the performance gap would not be issues. For the sake of progress, we compromise to Option 1.



Summary on 2nd round (if applicable) 
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	T-doc  Status update recommendation  

	
	



Topic #3: Requirements for HST single tap
Agenda  6.17.2.1.3
Companies’ contributions summary
	TDoc
	Source
	Proposals / Observations

	R4-2002967
	Samsung
	Observation 1: The maximum throughput can not be achieved with Doppler value with 1250Hz
Proposal 1: Define the requirement wth 870Hz as requirement of single tap with 15KHz.

	R4-2003189
	Intel Corporation
	Proposal #1:	For 15 kHz SCS test case use maximum Doppler frequency equal to 870 Hz
Proposal #2:	Do not mandate the specific TRS processing for requirement definition and left it up to company decision. Provide HST RRM signalling during the demodulation test to inform UE about HST conditions.
Proposal #3:	Ask RAN2 to rename NR HST RRM enhancement network assistance signalling in more generic form

	R4-2003712
	Huawei, HiSilicon
	Proposal 1: Define HST single tap requirements based on the worst case and companies can provide results of the ‘worst case’ based on their own simulations. Do not mandate the specific TRS processing for requirement definition and left it up to company decision. No need to provide any RRM signaling during the demodulation test.
Observation 1: To align with BS, it is suitable to set the maximum Doppler shift 870Hz.
Observation 2：There is no enough margin for UE for maximum Doppler shift greater than 875Hz for 15kHz SCS considering some practical impact factors.
Proposal 2: For single-tap scenario, adopt maximum Doppler shift 870Hz for FDD 15 kHz. If some higher requirements need to be defined in the future, RAN4 can design the corresponding requirements as per the real request.

	R4-2003830
	Ericsson
	Observation 1: FDD 15kHz SCS at 1250Hz doppler does not degrade demodulation performance compared to 875Hz doppler.
Observation 2: 1Tx antenna does not change demodulation performance significantly compared to 2Tx antennas.
Proposal 1: We suggest setting 1250Hz doppler for FDD.

	R4-2004005
	NTT DOCOMO, INC.
	Observation 1: For FDD 15kHz, 1250 Hz Maximum Doppler frequency can be compensated
Proposal 1: Define the HST single requirements under maximum Doppler frequency with 1250 Hz

	R4-2004030
	Ericsson
	Proposal: Do not assume highSpeedEnhMeasFlagforNR-r16 during the HST single tap test.

	R4-2003478
	CMCC
	Maximum Doppler frequency for HST-SFN
Proposal 1: for HST-SFN with 30 KHz SCS, the DL maximum Doppler frequency is proposed to be 1667 Hz.
Proposal 2: for HST-SFN with 15 KHz SCS, the DL maximum Doppler frequency of 851 Hz or 870Hz are OK.
Proposal 3: for HST single tap with 15 KHz SCS, the DL maximum Doppler frequency is proposed to be 1250 Hz.
Transmission scheme
Proposal 4: Define requirements for both 1a and 1b schemes for different UE capabilities with corresponding applicability rule. For the UE which is capable of tracking two TCI states, the requirements specified for transmission scheme 1b are applied. If UE do not support tracking two TCI states, the requirements specified for transmission scheme 1a are applied.
Proposal 5: it is proposed to discuss transmission scheme 2 with high speed scenario in NR HST WI, and discuss transmission scheme 2 with non-high-speed scenario in eMIMO WI.
Release independent
Observation 1: It is feasible for HST-SFN to be release independent from Rel-15 considering signalling introduced in Rel-16. Same methodology (early implementation) as in the release independent for Rel-14 LTE HST WI can be reused for NR HST. 
•	Rel-14 LTE HST are release independent from Rel-13 
•	For the issue that network assistance signalling and UE capability are introduced in Rel-14 LTE HST, early implementation is used in RAN2 to enable the release independent from Rel-13 without specification change
Proposal 6: Rel.16 HST requirements, including HST-SFN, HST single tap and multi-path fading, are proposed to be release independent from Rel-15.



Open issues summary
Maximum doppler frequency for HST single tap
Agreements in RAN4#94e meeting:
· Maximum Doppler frequency
· For 15KHz SCS, 500km/h 
· Option 1 (CMCC, Qualcomm, DOCOMO, Ericsson) : 1250Hz 
· Option 2 (Intel, Huawei, Samsung, Vivo) : 870Hz 
Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h 
· Proposals
· Option 1 (CMCC, Qualcomm, Ericsson, DOCOMO): 1250Hz
· Option 2 (Samsung, Intel, Huawei): 870Hz
· Recommended WF
· 7 companies discuss issue 3-1, 4 companies propose 1250Hz, while 3 companies propose 870Hz. 
· The main reason behind 870Hz is to align with the maximum Doppler frequency of BS (1740Hz), and 1 company’s simulation results show performance at 1250Hz cannot achieve the maximum throughput. Meanwhile another company’s simulation results show performance at 1250Hz is not degraded compared to 870Hz. Also 2 operators request to support 1250Hz for HST single tap scenario. 
· More discussion is needed.
Single tap requirements definition
Agreements in RAN4#94e meeting:
· HST single tap requirements definition
· Option A (Qualcomm, CMCC, Huawei, Ericsson, vivo, Samsung, DOCOMO): Define requirements based on worst case, and whether to use single-shot or multi-shot depends on UE implement and should not be limited
· Option B (Intel): Do not mandate the specific TRS processing for requirement definition and left it up to company decision. Provide HST RRM signaling during the demodulation test to inform UE about HST conditions.
· No new network assistance signaling in addition to those which are already introduced is needed. 
Issue 3-2:  The assumption of HST single tap requirements
· Proposals
· Option 1 (Intel): 
· Do not mandate the specific TRS processing for requirement definition and leave it up to UE implementation. Provide HST RRM signalling during the demodulation test to inform UE about HST conditions to enable switch to single shot processing.
· Ask RAN2 to rename the NR HST RRM enhancement network assistance signalling in more generic form
HighSpeedConfig-r16 ::=			SEQUENCE {
	highSpeedEnhancedFlag-r16				ENUMERATED {true}				OPTIONAL,	-- Need OR
	}
· Option 2 (Huawei): 
· Define HST single tap requirements based on the worst case and companies can provide results of the ‘worst case’ based on their own simulations. Do not mandate the specific TRS processing for requirement definition and left it up to company decision. No need to provide any RRM signaling during the demodulation test.
· Option 2 (Ericsson): Do not assume highSpeedEnhMeasFlagforNR-r16 during the HST single tap test.

· Recommended WF
· 3 companies discuss issue 3-2, 2 of them think there is no need to provide signalling during the HST single tap demodulation test, 1 of them propose to provide the signalling. Moderator suggests the following two options for further discussion.
· Define HST single tap requirements based on the worst case, and whether to use single-shot or multi-shot depends on UE implement.
· Option 1: Do not provide signalling during the HST single tap demodulation test
· Option 2: Provide HST RRM signalling during the demodulation test to inform UE about HST conditions to enable switch to single shot processing. 
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	CMCC
	Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h 
Our preference is 1250Hz. However, this issue has been discussed for several meetings and little progress has been made. We try to find some compromise solution. Considering that for LTE HST single tap, the maximum doppler shift is 972Hz, the NR performance is expected to be no worse than that for LTE. In this case, we would like to hear companies’ view whether 972Hz is acceptable for NR HST single tap with 15KHz SCS
Issue 3-2:  The assumption of HST single tap requirements
We do not see the need to reuse the RRM signaling. Firstly, according to companies’ feedback, there is almost no performance difference by using different number of shots for tracking. Secondly, whether one shot or multi-shot is used is up to UE implementation. RAN4 do not specify UE receiver algorithm. The demodulation performance requirements are specified based on simulation results from companies and the results provided based on companies’ algorithm. In this case, “Define HST single tap requirements based on the worst case, and whether to use single-shot or multi-shot depends on UE implement” is enough, no signalling is needed.


	Huawei
	Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h 
We prefer Option 2. To align with BS, it is suitable to set the maximum Doppler shift 870Hz. Also, there is no enough margin for UE for maximum Doppler shift greater than 875Hz for 15kHz SCS considering some practical impact factors. If the maximum Doppler shift greater than 870Hz was defined, the corresponding performance still can’t be guaranteed.
Issue 3-2:  The assumption of HST single tap requirements
We prefer Option 2. Firstly, we can agree that do not mandate the specific TRS processing for requirement definition and left it up to UE implementation. For RRM signalling during the test, we think it is no need to provide any RRM signaling since that UE has known that it is in the HST single-tap scenario and it is not configured in LTE HST single tap test. The additional information may improve demodulation performance of some UEs in the practical scenario, however, at the test scenario, we do not think that it is necessary.
[To Intel] The specific performance difference between 1-shot and multi-shot depends on different channel estimation implementations from company, in our simulation with proper channel estimation algorithm, we did not observe any performance difference, although other company maybe have different observation based on their own implementation.

	Samsung
	Issue 3-1
We prefer with option 2. 
From the demodulation performance perspective, we observed that the maximum throughput cannot be achieved with 1250Hz more obviously.
Although there is no agreement to combine BS and UE when deciding the maximum Doppler value, from the network development, it may be more realistic scenario where the Doppler value experienced for UE is half the BS sides. In that sense, we may need identify the bottleneck for the whole system.
In LTE Rel-16 HST, we also has similar assumption, where LTE HST Rel-16, maximum Doppler is 972Hz for UE side requirement, and 1944Hz for BS side requirement, considering the bottleneck for Doppler tracking is Uplink.
As indicated with the simulation assumption, the distance of DMRS symbols or TRS symbols is same as 4, which means the tracking ability should be same theoretically. Since the 1740Hz is agreed for BS side, we slightly prefer to define requirement with 870Hz for FDD with 15KHz SCS.
Issue 3-2
We prefer with option 1 in the recommended WF. As mentioned, whether to use the single-slot or multi-slot TRS tracking is the UE implementation issue. 

	Intel
	Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h 
It is not possible to support Option 1 (1250 Hz) in NR since corresponding double Doppler frequency cannot be supported in UL direction hence overall system performance will be poor. 
From standardization perspective RAN4 defines not only requirements but also reference to show what technology can provide. We should be careful to only define meaningful test cases which are feasible from system perspective.
Issue 3-2:  The assumption of HST single tap requirements  
We agree with moderator suggestion to split different aspects of problem. Same time we suggest  removing “worst case” from the context since it is not clear what is a worst case. It is more meaningful to say: “Do not mandate the specific TRS processing for requirement definition and left it up to company decision” as used in Huawei and our proposals.
For HST RRM signaling: this additional information may improve demodulation performance of some UEs and do not mandate specific processing. We prefer option 2.  
Also, we would like to comment some observations provided by companies:
To Huawei: Based on the analysis conducted by company (R4-2001457), the residual frequency error increases with increasing number of shots. For example, with 1-shot processing the error can be handled by TRS, but even with 2-shot processing, it cannot be handled already. If UE cannot properly estimate frequency offset, it obviously will provide poor performance in HST conditions. In this case, there should be a performance difference in terms of max achievable throughput between single/multi shot processing especially for scenarios with 1 and 8 shots. At the same time results provided company show that there is no performance difference. These two observations do not align between each other. Can company clarify it?    
To Ericsson: As mentioned in paper HST RRM signaling may or may not be provided by real network. Obviously, it is up to BS, as HST-SFN and other broadcast network assistance. Same time in our understanding it is not reasonable to network do not provide broadcast signaling. Without HST RRM signaling UE cannot pass HST RRM requirements and will provide poor performance in real system. We should not consider such unlikely network behavior.

	Ericsson
	Issue 3-1:
In our simulations we’ve shown that there is no performance degradation observed from selecting 1250Hz doppler compared to 870Hz. From a deployment point of view, neither 870Hz, nor 1250Hz supports bands over 3GHz carrier frequency. Thus, we see that from an operator point of view 15kHz subcarrier spacing will not deployed for new frequency bands, but rather be used for refarmed LTE bands. One caveat of using 870Hz doppler is that it does not support 500km/h velocity for band n1 which would require 973Hz to support 500km/h HST single tap. 
On the other hand, aligning UE and BS doppler is not a fair comparison given that the limiting factor for BS demodulation is that the BS side cannot use CSI-RS for tracking, i.e., TRS:es for estimating the doppler offset, thus the limiting factor is determined by the DM-RS pattern density in uplink. Currently 1+1+1 DM-RS pattern is used limiting the 15kHz 1750Hz doppler tracking. 
Some companies have shown that 1250Hz has degraded performance compared to 870Hz doppler, yet most companies have shown no such degradation. A compromise option could be to set target doppler at 1000Hz, thus setting FDD 15kHz requirements compatible with band n1 and can ensure no performance degradation compared to 870Hz doppler.
We’d prefer Option 1 with 1250Hz doppler, but if we cannot agree to Option 1, then we propose to consider setting FDD 15kHz requirements with 1000Hz doppler.
Issue 3-2:
Option 1. As we discussed in R4-2003830, the network may not configure this HST RRM signal when it does not use DRX or does not need to set the high speed RRM flag. If we change the HST RRM signaling in more generic as Option 1 and UE assumes this signaling always on the high speed train environment, the meaning of this HST RRM flag becomes different from the original intention, and it should be discussed in RRM again. Therefore, UE should not expect HST RRM flag is always configured on gNB along with high speed train railway track.

	vivo
	Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h 
We support option 2. We understand the simulation may reflect that there is no issue on 1250Hz Doppler. However, the concern is taking this as a conclusion to real deployment. UE may need to deal with larger Doppler offset in real deployment.
Issue 3-2:  The assumption of HST single tap requirements  
We slightly prefer option 2. The enhancement in RRM signaling is to signal UE the cell type when UE camps on, while the required UE behavior i.e. re-selection in idle mode and identification /measurement in connected mode after UE camps on, may be different. From demod performance point of view, whether to use single-shot TRS or multi-shot TRS can be implementation.

	DOCOMO
	Issue3-1: The maximum Doppler frequency is 972 Hz for Rel-16 LTE in the case of FDD with 15 kHz SCS. We consider that more strict UE requirements should be guaranteed for Rel-16 NR HST. In the sense, we prefer Option 1.
Issue3-2: We prefer option 1 in the recommended WF.


	Qualcomm
	Issue 3-1: Prefer Option 1 but open for discussion.
Issue 3-2: Prefer Option 1 in recommended WF because how UE uses the RRM signalling is up to UE implementation.


 

Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h
	Option 1 and option 2 are discussed in 1st round discussion. 4 companies support option 1 and 4 companies support option 2. Option 3 was proposed as a compromise option during 1st round discussion.
o	Option 1 (CMCC, Qualcomm, Ericsson, DOCOMO): 1250Hz
o	Option 2 (Samsung, Intel, Huawei, vivo): 870Hz
o	Option 3 (Ericsson): 1000Hz
Recommendations for 2nd round:
Companies please check whether 1000Hz is acceptable for 15KHz 500km/h HST single tap.

	Issue 3-2:  The assumption of HST single tap requirements
	8 companies discuss this issue, 7 companies support option 1 and 1 company support option 2. 
· Define HST single tap requirements based on the worst case, and whether to use single-shot or multi-shot depends on UE implement.
•	Option 1 (CMCC, Huawei, Samsung, vivo, Ericsson, DOCOMO, Qualcomm): Do not provide signalling during the HST single tap demodulation test
•	Option 2 (Intel): Provide HST RRM signalling during the demodulation test to inform UE about HST conditions to enable switch to single shot processing.
Most company think that whether to use the HST signalling in real network is up to UE implementation. Also during the demodulation test, UE is aware that the channel model is HST single tap, so there is no need to provide signalling during the test.
Recommendations for 2nd round:
Companies please check whether the following recommended WF is acceptable:
· Do not mandate the specific TRS processing for requirement definition and left it up to company decision. Do not provide signalling during the HST single tap demodulation test

	
	



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	
	





Discussion on 2nd round (if applicable)
Open issues summary
Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h
· Option 1 (CMCC, Qualcomm, Ericsson, DOCOMO): 1250Hz
· Option 2 (Samsung, Intel, Huawei, vivo): 870Hz
· Option 3 (Ericsson): 1000Hz
· Option 4 (CMCC): 972Hz
Recommendations for 2nd round:
Companies please comment on the above 4 options, we may choose some middle value if it is acceptable (option 3 or option 4)

Issue 3-2:  The assumption of HST single tap requirements
•	Define HST single tap requirements based on the worst case, and whether to use single-shot or multi-shot depends on UE implement.
Option 1 (CMCC, Huawei, Samsung, vivo, Ericsson, DOCOMO, Qualcomm): Do not provide signalling during the HST single tap demodulation test
Option 2 (Intel): Provide HST RRM signalling during the demodulation test to inform UE about HST conditions to enable switch to single shot processing.
Recommendations for 2nd round:
Companies please check whether the following recommended WF is acceptable:
•	Do not mandate the specific TRS processing for requirement definition and left it up to company decision. Do not provide signalling during the HST single tap demodulation test

0. Open issues 
	Company
	Comments

	Huawei
	Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h
We prefer Option 2, i.e. 870Hz due to the limitation of the BS side and ensure the whole system workable. However, as a compromise, we can accept Option 4.
To Ericsson:
For FDD bands, although UL and DL use different carrier frequency, but currently RAN4 is calculating the maximum Doppler value as per the highest frequency, such as Band n1, the maximum Doppler shift is 972Hz, it is also used in LTE Release 16 to support 500km/h velocity. Although NR TRS has the same interval as CRS, but with much longer periodicity of 10ms, LTE CRS is transmitted in each subframe, it is unreasonable to set higher Doppler shift than LTE both to support 500km/h velocity.
Issue 3-2:  The assumption of HST single tap requirements
We are OK with the recommended WF.

	Intel
	Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h
It is not reasonable to consider Option 3 and 4 as a compromise solution since the problem is a technical background behind Option 1 and Option 2, not demodulation performance difference. Option 1 was derived to align UE and BS requirements. Option 2 was derived for band n7 which is the FDD band with a higher carrier frequency at the current stage. Both options and corresponding principles are valid and in general, RAN4 should decide which principle to use for Doppler frequency determination. 
Our main intention to derive Doppler frequency based on the technical driven decision. In this case RAN4 should first agree on more important technical aspect between considered above options and then correspondingly determines Doppler frequency.  Also, we would like to add the third principle for discussion: test UE tracking capabilities in extreme HST conditions, which correspond to highest Doppler frequency which can be handled by UE.
In total we suggest the following issue for discussion:
Principle to derive Maximum Doppler frequency for 15KHz 500km/h:
1. Align UE and BS conditions
2. The highest Doppler which can be observed for existing FDD band
3. The highest Doppler which can be handled by UE
At current stage we prefer to use principle 1 or 3
Issue 3-2:  The assumption of HST single tap requirements
Based on our understanding, RRM signalling will be provided to UEs in the real field for HST conditions to ensure proper overall UE processing and it is up to UE implementation whether to use or not use this signalling to adjust demodulation processing. Same time, our results show that some UE may use this signalling and, as result, maximum achievable throughput will be increased.
Since there is no urgency to resolve this issue on this meeting, we would like to encourage other companies to provide their analysis on performance difference between single-shot and multi-shot processing. If there is no difference this signaling is not needed. If RAN4 observe difference, the HST RRM can be provided as in real HST scenario since some UEs may use it to switch on more  suitable tracking behavior.  
Now only two companies provided simulation results in which they have opposite views on performance difference (Intel, Huawei).
To Ericsson:
1. It is typical case to configure DRX in a Cell. In idle mode UE is already configured with DRX, thus when UE enters connected mode, it should know it is under HST scenario since this signaling is a cell specific.
2. This is a broadcast signaling, therefore there is no issues if some UEs does not support it. If UE implementation assumes using RRM signaling to switch frequency tracking strategy, UE will support it anyway. 
3. We observed problem that UE cannot achieve max throughput only for 500 km/h UE speed. The changes of Doppler trajectory are slower on 350 km/h that why we do not need optimize Rel-15 UEs. Same time to support 500 km/h some optimization is needed if UE use multi-shot as a baseline frequency tracking strategy

	Ericsson
	Issue 3-1: 
We think that a compromise at 1000Hz to support FDD 15kHz deployment for band n1 should be ok. Option 4 (972Hz) does theoretically support band n1, but we suggested 1000Hz for some margin of error. We prefer Option 1 but can compromise with Option 3.
As for aligning UE and BS doppler for FDD requirements do not make sense since there will be a different carrier frequency between uplink and downlink, whereas in TDD downlink and uplink  utilize the same carrier frequency. 
Issue 3-2: Support the recommended WF.
To Intel in the 1st round question:
The signal ‘highSpeedEnhMeasFlagforNR’ is used for the measurement in DRX mode, so if the network does not configure DRX in CONNECTED, the network does not need to signal it. 
Moreover since this feature is optional, it is not so useful if some UE supports it but others do not support it, for example, both Rel-15 UEs (not capable of this feature) and Rel-16 UEs (capable of this feature) could be connected to the network. 
On the other hand, the UE demodulation performance supporting HST 500km/h is not UE capability, because RAN4 assumes the same receiver assumption as Rel-15 demodulation requirements.

	Qualcomm
	Issue 3-2: Ok with recommended WF.

	NTT DOCOMO
	Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h
Our first preference is still Option 1. But, for the sake of progress, if all the companies are fine, we can compromise to Option 3/4.
Issue 3-2:  The assumption of HST single tap requirements
We agree with CMCC’s view and OK with recommended WF. If some signalling to indicate TRS processing scheme is provided, whether to use the signalling is fully up to UE implementation. If so, it is enough to consider UE demodulation requirement based on the worst cases, even if we can see some performance improvement by such signalling. So we think Option 1 is enough to support.




Summary on 2nd round (if applicable) 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	
	




Topic #4: Requirements for multi-path fading channels
Agenda  6.17.2.1.4
0. Companies’ contributions summary
	Tdoc
	Source
	Proposals / Observations

	R4-2002968
	Samsung
	Observation 1:  The SNRs with 70% TP for MCS 4, 13, 17 are feasible under Doppler value with 600Hz and 1200Hz for Rank 1.
Proposal 1:  Introduce MCS 13 for requirement with multi-path fading channel under high Doppler value.

	R4-2002969
	Samsung
	Observation 1: No obvious difference for multi-path fading channel between with and without scheduling TDD special slot is observed.
Observation 2: Without scheduling TDD special slot, the performance can be improved around 0.5dB for HST-SFN scenario with large value of Doppler
Proposal 1:  In order to provide the comparable requirement with Rel-15 UE demodulation requirement for fading scenario, keep align with Rel-15 UE demodulation assumption to schedule TDD special slot.

	R4-2003190
	Intel Corporation
	Proposal #1:	Use MCS 17 for both 15 and 30 kHz SCS
Proposal #2:	Do not schedule data in TDD special slots in HST-Fading test cases to achieve maximum throughput.

	R4-2003713
	Huawei, HiSilicon
	Observation 1: SNR@70% maximum throughput getting worse while the maximum throughput can be improved anyway with enabled transmission in special slots.
Observation 2: MCS 17 cannot achieve maximum throughput for 2T2R TDD 30 kHz rank 1 cases with either enabled or disabled transmission in special slots.
Proposal 1: Do not schedule data on special slot in both HST fading scenario and HST-SFN scenario.
Proposal 2: Adopt MCS 13 for multi-path fading channel.

	R4-2003831
	Ericsson
	Observation 1: There are two tests that do not achieve maximum throughput, TDD test case 5 and 6 in Table 3-2. 
Proposal 1: For PDSCH with TDD configuration, we shall not schedule data in the special slot in order to achieve maximum throughput.
Proposal 2: For HST Multipath fading channels, we ask RAN4 to set requirements using MCS 17 with Rank 1.  

	R4-2004003
	NTT DOCOMO, INC.
	Proposal 1: Define HST multi-path demodulation requirements for MCS4
Proposal 2: Discuss MCS configuration first before the discussion on the scheduling assumption in TDD special slot



0. Open issues summary
2. MCS
Agreements in RAN4#94e meeting:
· MCS
· Option 1 (Huawei, Qualcomm, Samsung): MCS13 
· Option 2 (Intel, Ericsson, Qualcomm, Samsung): MCS 17 
· Option 3 (DOCOMO): MCS 4 and MCS 17
· Rank = 1 
Issue 4-1: MCS for multi-path fading channel
· Proposals
· Option 1 (Samsung, Huawei): MCS13
· Option 2 (Intel, Ericsson): MCS17
· Option 3 (DOCOMO): MCS4
· Recommended WF
· 4 companies discuss on issue 4-1. 1 company’s results show the maximum throughput cannot be achieved with MCS17, while other 2 companies’ results show that the maximum throughput can be achieved. More discussion is needed.

2. Scheduling in TDD special slot for multi-path fading
Agreements in RAN4#94e meeting:
· Scheduling in TDD special slot for multi-path fading
· Option 1 (Qualcomm, Ericsson, Huawei, Intel): For PDSCH with TDD configuration, do not schedule data in the special slot in order to achieve maximum throughput. 
· Option 2 (Intel): Do not schedule data on special slot in HST fading scenario and also check same issue for HST-SFN scenario 
· Option 3 (Samsung, HW): Align with normal PDSCH assumption in Rel-16. 
· Option 4 (DOCOMO): Further simulation is needed.
· Option 5 (CMCC) : Further check this issue for multi-path fading channel HST-SFN scenario 

Issue 4-2: scheduling in TDD special slot for multi-path fading
· Proposals
· Option 1 (Qualcomm, Intel, Huawei, Ericsson): Do not schedule data in TDD special slots
· Option 2 (Samsung): In order to provide the comparable requirement with Rel-15 UE demodulation requirement for fading scenario, keep align with Rel-15 UE demodulation assumption to schedule TDD special slot.
· Option 3 (DOCOMO): Discuss MCS configuration first before the discussion on the scheduling assumption in TDD special slot

· Recommended WF
· 6 companies discuss issue 4-2. 4 of them propose to not schedule data in TDD special slots, 1 company propose to align with R15 demodulation assumption to schedule TDD special slot, and 1 company propose to decide MCS first. More discussion is needed.
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	XXX
	Sub topic 1-1: 
Sub topic 1-2:
….
Others:

	Huawei
	Issue 4-1: MCS for multi-path fading channel
We prefer Option 1. As per our simulation results, MCS 17 cannot achieve the maximum throughput for 2T2R TDD 30 kHz rank 1 cases with either enabled or disabled transmission in special slots.
To Intel:
Considering TxEVM 8% defined in TS 38.104, the highest testable SNR for 16QAM is about 22dB, if the max throughput cannot be achieved at 20dB, we do not think that higher SNR should be considered for MCS 17.
Issue 4-2: scheduling in TDD special slot for multi-path fading
Both Option 1 and Option 2 are acceptable for us considering no such constraints as per core specification


	Samsung
	Issue 4-1:
Based on our simulation results, there is no obvious difference for multi-path between with and without scheduling TDD special slot in terms for the SNR at 70%TP. 
In that sense, we slightly prefer to align the simulation assumption for Rel-15/Rel-16 UE demodulation requirement.
In terms of MCS 17,  the maximum throughput cannot be achieved with TDD special slot scheduling
We can comprise to option 1 to move forward

Issue 4-2: 
We prefer Option 1
Based on our simulation results, the maximum throughput cannot be achieved for MCS 17 with TDD special slot scheduling, we prefer as MCS 13

	Intel
	Issue 4-1: MCS for multi-path fading channel
We still prefer Option 2 (MCS 17). Two companies confirm that with MCS 17 UE can achieve maximum throughput. Results provided by Huawei show that on 20 dB UE can achieve ~95~96%, that does not mean that on higher SNR it is impossible to achieve 100%. Also, we would like to see requirements with higher MCS value that we can support. In this case we cannot accept option 3. 
Issue 4-2: scheduling in TDD special slot for multi-path fading
We still prefer option 1. It is more important to have test setup which allow to achieve max throughput than align different test cases. This problem is related to HST conditions and test setup should indicate this.

	Ericsson
	Issue 4-1 & 4-2:
For MCS Selection we’d prefer setting performance requirements with the higher MCS. Some companies have shown that maximum throughput cannot be achieved for MCS17. If we can conclude that Special slot data should not be scheduled, then we can evaluate the MCS selection and choose appropriate MCS value which can achieve maximum theoretical throughput. In our simulations we observe degraded demodulation performance not only for MCS17 due to special slot data scheduling. Once we resolve the special slot scheduling, we can determine which MCS is achievable for multi-path fading scenario. 

	DOCOMO
	Issue4-1: We prefer Option 3. For the multi-path fading requirements in Rel.15 NR, MCS4 is assumed. We cannot see any strong motivation to choose higher MCS level for Rel.16 HST where more severe scenarios, e.g. faster speed, is assumed than that in Rel.15 NR. 
Issue4-2: We prefer Option 3. As described in Issue4-1, we prefer to support MCS4 and the performance degradation from the lack of DMRS symbols in TDD special slot would be small in the case of MCS4. 

	Qualcomm
	Issue 4-1: We are ok with Option 1, if it is agreed to skip scheduling in TDD special slot.
Issue 4-2: Prefer Option 1 as single DMRS is not enough to handle such high Doppler.


 

Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Issue 4-1: MCS for multi-path fading channel
	7 companies comment on issue 4-1. 3 of them support option1, 2 of them support option2, 1 support option 3. 
–	Option 1 (Samsung, Huawei, Qualcomm): MCS13
–	Option 2 (Intel, Ericsson): MCS17
–	Option 3 (DOCOMO): MCS4
Don’t see comment on option 3 expect for the supporting company. Could companies provide comments on MCS 4 in the 2nd round? The motivation is to align the MCS assumption with multi-path fading channel in Rel-15.
Recommendations for 2nd round:
Don’t see comment on MCS 4 expect the supporting company. The motivation is to align the MCS assumption with multi-path fading channel in Rel-15. Could companies provide comments on MCS 4 in the 2nd round?

	Issue 4-2: scheduling in TDD special slot for multi-path fading
	6 companies comment on issue 4-2. 5 companies support option 1, and 1 company support option 3.
–	Option 1 (Qualcomm, Intel, Huawei, Ericsson, Samsung): Do not schedule data in TDD special slots
–	Option 3 (DOCOMO): Discuss MCS configuration first before the discussion on the scheduling assumption in TDD special slot
Issue 4-1 and issue 4-2 are related. If MCS 4 is chosen, whether to schedule TDD special slot may not be a big issue.
Recommendations for 2nd round:
Companies please check whether the following recommended WF is acceptable:
· If MCS 17 or MCS 13 is chosen, do not schedule data in TDD special slots.
· If MCS 4 is chosen, FFS on whether to schedule data in TDD special slots.



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	
	





Discussion on 2nd round (if applicable)
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h
	Option 1 and option 2 are discussed in 1st round discussion. 4 companies support option 1 and 4 companies support option 2. Option 3 was proposed as a compromise option during 1st round discussion.
o	Option 1 (CMCC, Qualcomm, Ericsson, DOCOMO): 1250Hz
o	Option 2 (Samsung, Intel, Huawei, vivo): 870Hz
o	Option 3 (Ericsson): 1000Hz
Recommendations for 2nd round:
Companies please check whether 1000Hz is acceptable for 15KHz 500km/h HST single tap.

	Issue 3-2:  The assumption of HST single tap requirements
	8 companies discuss this issue, 7 companies support option 1 and 1 company support option 2. 
· Define HST single tap requirements based on the worst case, and whether to use single-shot or multi-shot depends on UE implement.
•	Option 1 (CMCC, Huawei, Samsung, vivo, Ericsson, DOCOMO, Qualcomm): Do not provide signalling during the HST single tap demodulation test
•	Option 2 (Intel): Provide HST RRM signalling during the demodulation test to inform UE about HST conditions to enable switch to single shot processing.
Most company think that whether to use the HST signalling in real network is up to UE implementation. Also during the demodulation test, UE is aware that the channel model is HST single tap, so there is no need to provide signalling during the test.
Recommendations for 2nd round:
Companies please check whether the following recommended WF is acceptable:
· Do not mandate the specific TRS processing for requirement definition and left it up to company decision. Do not provide signalling during the HST single tap demodulation test

	
	



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	
	





Discussion on 2nd round (if applicable)
Open issues summary
Issue 4-1: MCS for multi-path fading channel
–	Option 1 (Samsung, Huawei, Qualcomm): MCS13
–	Option 2 (Intel, Ericsson): MCS17
–	Option 3 (DOCOMO): MCS4
Recommendations for 2nd round:
Don’t see comment on MCS 4 expect the supporting company. The motivation is to align the MCS assumption with multi-path fading channel in Rel-15. Could companies provide comments on MCS 4 in the 2nd round?

Issue 4-2: scheduling in TDD special slot for multi-path fading 
–	Option 1 (Qualcomm, Intel, Huawei, Ericsson, Samsung): Do not schedule data in TDD special slots
–	Option 3 (DOCOMO): Discuss MCS configuration first before the discussion on the scheduling assumption in TDD special slot
Recommendations for 2nd round:
Companies please check whether the following recommended WF is acceptable:
•	If MCS 17 or MCS 13 is chosen, do not schedule data in TDD special slots.
•	If MCS 4 is chosen, FFS on whether to schedule data in TDD special slots.
2. Open issues 
	Company
	Comments

	Huawei
	Issue 4-1: MCS for multi-path fading channel
We prefer Option 1. MCS 13 can achieve the maximum throughput compared to MCS 17; The max throughput cannot be achieved with scheduling in the special slot or not for MCS 17 as per the submitted results from companies. Either MCS 4 or MCS 13 is acceptable.
Issue 4-2: scheduling in TDD special slot for multi-path fading 
We agree the recommended WF.

	Intel
	Issue 4-1: MCS for multi-path fading channel
As we said previously, we want to see requirements with much higher MCS that we can support. In this case, we cannot accept option 3 (MCS 4) since all companies can support at least MCS 13. Our preference is Option 2 (MCS 17). Therefore, we ask other companies to check performance of MCS 17 again.
Issue 4-2: scheduling in TDD special slot for multi-path fading 
We agree with recommended WF.

	Ericsson
	Issue 4-1:
We agree with intel, we see that with special slot data toggled off we can set requirements with MCS17, therefore we should consider MCS17. All companies have shown that MCS13 is achievable therefore we can also be ok to set requirements with MCS13 as a compromise, but we mainly support setting requirements with MCS17.
Issue 4-2:
We agree with recommended WF.

	Qualcomm
	Issue 4-1: Prefer Option 1.
Issue 4-2: Ok with recommended WF.

	NTT DOCOMO
	Issue 4-1: MCS for multi-path fading channel
We still prefer to support Option 3 (MCS4), however, for the sake of progress, we can compromise to Option 1 (MCS13) if all the companies support it. On the other hand, we cannot accept Option 2 (MCS17)
Issue 4-2: scheduling in TDD special slot for multi-path fading 
[bookmark: _GoBack]We agree with recommended WF.



Summary on 2nd round (if applicable)
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	
	



Topic #5: Others
Companies’ contributions summary
	Tdoc
	Source
	Proposals / Observations

	R4-2003191
	Intel Corporation
	Proposal #1:	Further discuss feasibility of early implementations. In case the release independent requirements are defined the respective requirements shall be defined as optional and up to UE declaration.
Proposal #2:	Do not define any applicability rules between HST-SFN, HST single tap and HST multi-path fading performance test cases.
Proposal #3:	Introduce separate UE capabilities/features for HST-SFN, HST Single tap and HST multi-path fading requirements.

	R4-2003478
	CMCC
	Maximum Doppler frequency for HST-SFN
Proposal 1: for HST-SFN with 30 KHz SCS, the DL maximum Doppler frequency is proposed to be 1667 Hz.
Proposal 2: for HST-SFN with 15 KHz SCS, the DL maximum Doppler frequency of 851 Hz or 870Hz are OK.
Proposal 3: for HST single tap with 15 KHz SCS, the DL maximum Doppler frequency is proposed to be 1250 Hz.
Transmission scheme
Proposal 4: Define requirements for both 1a and 1b schemes for different UE capabilities with corresponding applicability rule. For the UE which is capable of tracking two TCI states, the requirements specified for transmission scheme 1b are applied. If UE do not support tracking two TCI states, the requirements specified for transmission scheme 1a are applied.
Proposal 5: it is proposed to discuss transmission scheme 2 with high speed scenario in NR HST WI, and discuss transmission scheme 2 with non-high-speed scenario in eMIMO WI.
Release independent
Observation 1: It is feasible for HST-SFN to be release independent from Rel-15 considering signalling introduced in Rel-16. Same methodology (early implementation) as in the release independent for Rel-14 LTE HST WI can be reused for NR HST. 
•	Rel-14 LTE HST are release independent from Rel-13 
•	For the issue that network assistance signalling and UE capability are introduced in Rel-14 LTE HST, early implementation is used in RAN2 to enable the release independent from Rel-13 without specification change
Proposal 6: Rel.16 HST requirements, including HST-SFN, HST single tap and multi-path fading, are proposed to be release independent from Rel-15.

	R4-2002965
	Samsung
	Proposal 1: No requirement for transmission scheme 2 with HST-SFN deployment scenario is introduced in NR eMIMO WI.
•	Focus on the open issues for test parameters finalization of HST single-tap and HST SFN transmission.
•	If needed, discuss transmission scheme 2 in HST-SFN deployment scenario later in HST WI, when the details test parameters for requirement of transmission scheme 2 are finalized in NR eMIMO WI.

Proposal 2: No requirement for transmission scheme 3 with HST-SFN deployment scenario is introduced in Rel-16 HST WI.
Proposal 3: No feasible release independent for HST-SFN, HST single tap and multi-path fading requirement

	R4-2003741
	Huawei, HiSilicon
	Proposal 1: For release independent from Rel-15:
•	Not feasible for HST-SFN at least for the moment. If RAN4 wants to make HST-SFN release independent from Release 15, the corresponding magic sentence in RAN2 is needed.
•	Feasible for multi-path fading channel
Proposal 2: Do not test UE under HST single-tap, if UE passes the requirements for HST-SFN.
Proposal 3: Adopt HARQ process number 4 for FDD and HARQ process number 8 for TDD with pattern 7D1S2U, as defined for HST in NR Rel-15.
Proposal 4: Reuse the existing test applicability rule of NR release 15 UE normal PDSCH performance requirements for HST SFN and multi-path fading channel; only consider 1x2 and 1x4 for NR Rel-16 HST single tap performance requirements.

	R4-2004006
	NTT DOCOMO, INC.
	Observation 1: In Rel-14 LTE, Rel-14 HST-SFN requirements are defined as release independent from Rel-13 
Proposal 1: HST-SFN, HST single tap and multi-path fading should be release independent from Rel-15
Proposal 2: Send LS to RAN2 to ask whether the features of Rel-16 HST-SFN is early implementable
Observation 2: Test motivation are different for all scenarios, i.e. HST-SFN, Single-tap and multi-path fading. 

Proposal 3: All the three HST scenarios should be applied for UE

	R4-2004031
	Ericsson
	Proposal 1: UE demodulation requirements for HST-SFN defined in Rel-16 NR HST WI is applicable from Rel-16 with the network assisted flag highSpeedEnhDemodFlagforNR-r16. 
Proposal 2: UE demodulation requirements for HST single tap and multi-path fading defined in Rel-16 NR HST WI are release independent from Rel-15.
Proposal 3: UE can skip Rel-15 HST single tap if UE passes the Rel-16 HST single tap case. 
Proposal 4: UE can skip Rel-15 HST fading case with TDLB100-400 if UE passes the Rel-16 HST fading case with TDLC300-600/TDLC300-1200.



Open issues summary
2. Release independent issue
Agreements in RAN4#94e meeting:
· Whether Rel.16 HST requirements can be release independent from Rel-15 
· Option 1 (CMCC, DOCOMO): release independent for HST-SFN, HST single tap and multi-path fading 
· Option 2 (Qualcomm, Huawei, Intel, Samsung, Ericsson, vivo):not feasible for release independent for HST-SFN since signaling is introduced in Rel-16. 
· Option 3 (Qualcomm, Ericsson, Huawei, DOCOMO): release independent for multi-path fading
· Check whether release independent of Single-tap and HST-SFN are feasible considering signalingignalling introduced in Rel.-16.
Issue 5-1: whether release independent is feasible considering signalling is introduced in Rel-16
· Proposals
· Option 1 (CMCC, DOCOMO): It is feasible for HST-SFN to be release independent from Rel-15 considering signalling introduced in Rel-16. Same methodology (early implementation) as in the release independent for Rel-14 LTE HST WI can be reused for NR HST. 
· Rel-14 LTE HST are release independent from Rel-13 
· For the issue that network assistance signalling and UE capability are introduced in Rel-14 LTE HST, early implementation is used in RAN2 to enable the release independent from Rel-13 without specification change
· Option 2 (Samsung): No feasible release independent for HST-SFN, HST single tap and multi-path fading.
· Option 3: (Huawei) 
· Not feasible for HST-SFN at least for the moment. If RAN4 wants to make HST-SFN release independent from Release 15, the corresponding magic sentence in RAN2 is needed.
· Feasible for multi-path fading channel
· Option 4 (Ericsson): UE demodulation requirements for HST-SFN defined in Rel-16 NR HST WI is applicable from Rel-16 with the network assisted flag highSpeedEnhDemodFlagforNR-r16.
· Option 5 (Qualcomm): 
· HST Multi-path fading tests can be made release independent from Rel-15.
· HST single tap tests can be made release independent from Rel-15 if no signalingignalling is assumed when defining the requirements.
· HST-SFN tests cannot be made release independent.

· Recommended WF
· 6 companies discuss issue 5-1, 2 of them think it is feasible for release independent and LTE HST requirements are also release independent. 4 companies think it is not feasible for HST-SFN requirements release independent since the signalling is introduced in Rel-16.
· Moderator suggests companies to check the LTE HST release independent requirements. More discussion is needed. 

Issue 5-2: Release independent requirements
· Proposals
· Option 1 (Intel): Further discuss feasibility of early implementations. In case the release independent requirements are defined the respective requirements shall be defined as optional and up to UE declaration.
· Option 2 (CMCC, DOCOMO): Rel.16 HST requirements, including HST-SFN, HST single tap and multi-path fading, are proposed to be release independent from Rel-15.
· Option 3 (Samsung): No release independent for HST-SFN, HST single tap and multi-path fading 
· Option 4 (Ericsson, Qualcomm): UE demodulation requirements for HST single tap and multi-path fading defined in Rel-16 NR HST WI are release independent from Rel-15.

· Recommended WF
· 6 companies discuss issue 5-2. 4 companies propose that HST single tap and multi-path fading defined in Rel-16 can be release independent from Rel-15. Whether HST-SFN can be release independent depends on the outcome of issue 5-1.
· Moderator suggests the following recommended WF:
· UE demodulation requirements for HST single tap and multi-path fading defined in Rel-16 NR HST WI are release independent from Rel-15.
· FFS for HST-SFN
2. Test applicability
Agreements in RAN4#94e meeting:
· Do not test UE under HST single tap and HST multi-path scenarios, if UE passes the requirements for HST-SFN? 
· Option 1: Yes (Qualcomm, Huawei, Samsung) 
· Option 2: No (Intel, Ericsson, DOCOMO) 

Issue 5-3: Test applicability for different channel models
· Proposals
· Option 1 (Intel, DOCOMO): Do not define any applicability rules between HST-SFN, HST single tap and HST multi-path fading performance test cases.
· Option 2 (Huawei): Do not test UE under HST single-tap, if UE passes the requirements for HST-SFN.
· Option 3 (Ericsson): 
· UE can skip Rel-15 HST single tap if UE passes the Rel-16 HST single tap case. 
· UE can skip Rel-15 HST fading case with TDLB100-400 if UE passes the Rel-16 HST fading case with TDLC300-600/TDLC300-1200.
· Option 4 (Qualcomm): Do not test UE under HST single tap and HST multi-path scenarios, if UE passes the requirements for HST-SFN.
· Recommended WF
· 5 companies discuss issue 5-3, companies’ views are quite diverse.
· Moderator would like to suggest companies provide comments on the following options. 
· Option 1: Do not define any applicability rules between HST-SFN, HST single tap and HST multi-path fading performance test cases.
· Option 2: Do not test UE under HST single-tap, if UE passes the requirements for HST-SFN.
· Option 3: 
· UE can skip Rel-15 HST single tap if UE passes the Rel-16 HST single tap case. 
· UE can skip Rel-15 HST fading case with TDLB100-400 if UE passes the Rel-16 HST fading case with TDLC300-600/TDLC300-1200.requirements for 
· Option 4: Do not test UE under HST single tap and HST multi-path scenarios, if UE passes the requirements for HST-SFN.
HARQ process number
Issue 5-4: HARQ process number
· Proposals
· Option 1 (Huawei): Adopt HARQ process number 4 for FDD and HARQ process number 8 for TDD with pattern 7D1S2U, as defined for HST in NR Rel-15.
· Recommended WF
· Moderator suggests companies to check whether option 1 is agreeable.
Antenna configuration
Agreements in RAN4#94e meeting:
· For HST-SFN
· Define requirements for both 2x2 and 2x4, and applicability rule will be considered 
· For multi-path fading channel
· Define requirements for both 2x2 and 2x4, and applicability rule will be considered 
· For single tap HST
· 1×2; 1×4  is the baseline for simulation assumption

Issue 5-5: Antenna configuration for HST
· Proposals
· Option 1 (Huawei): Reuse the existing test applicability rule of NR release 15 UE normal PDSCH performance requirements for HST SFN and multi-path fading channel; only consider 1x2 and 1x4 for NR Rel-16 HST single tap performance requirements.
· Recommended WF
· In previous meetings, RAN4 agreed to define both 2Rx and 4Rx requirements and corresponding applicability rule.
· Moderator suggests the following recommended WF:
· For HST-SFN
· Define requirements for both 2x2 and 2x4, and reuse the existing test applicability rule of NR release 15 UE normal PDSCH performance requirements
· For multi-path fading channel
· Define requirements for both 2x2 and 2x4, and reuse the existing test applicability rule of NR release 15 UE normal PDSCH performance requirements
· For single tap HST
· Define requirements for both 1x2 and 1x4, and reuse the existing test applicability rule of NR release 15 UE normal PDSCH performance requirements
2. UE features/capabilitlies
Issue 5-6: UE features/capabilities
· Proposals
· Option 1 (Intel): Introduce separate UE capabilities/features for HST-SFN, HST Single tap and HST multi-path fading requirements.
· Recommended WF
· In previous meetings, RAN4 agreed to introduce UE capability signalling for HST-SFN joint transmission scheme. For HST single tap and HST multi-path fading, UE should support the requirements mandatory.
· Moderator suggests the following recommended WF.
· Introduce per-UE capability to support enhanced demodulation performance for HST-SFN joint transmission scheme with velocity up to 500km/h. (Agreement in RAN4#93)
· No UE capability signaling is introduced for HST single tap and multi-path fading requirements up to 500km/h. The requirements are mandatory supported by UE.

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	XXXCMCC
	Issue 5-1: whether release independent is feasible considering signalling is introduced in Rel-16
Option 1 (feasible). As mentioned in our contribution, even though signaling are introduced in Rel-16, it has no impact on the release independent from Rel-15. The early implementation can be allowed. There is no need to introduce the R16 signaling into Rel-15 ASN.1.  Allow early implementation in UE means that if a Rel-15 UE is capable of high speed performance enhancement feature, it follows the Rel-16 high speed related signaling. If a Rel-15 UE does not support high speed performance enhancement feature, it would not interpret high speed related parameters. 
Issue 5-2: Release independent requirements
Option 2. Same comment as in issue 5-1. 
Issue 5-3: Test applicability for different channel models
In Rel-16 LTE HST, there is applicability rule that HST-500 test is not applicable to UE that has passed HST-SFN-500 test. But one thing to be noticed is that in LTE HST, HST-500 and HST-SFN-500 have the same maximum ignall shift (972Hz), While for NR HST, the maximum ignall shift of HST-SFN is under discussion. If the maximum ignall shift of HST-SFN is no smaller than that of single tap, we are OK with the applicability rule. If the maximum ignall shift of HST-SFN is smaller than that of single tap, the applicability rule cannot be applied.
Issue 5-4: HARQ process number
We are OK with option 1.
Issue 5-5: Antenna configuration for HST
For HST-SFN and multi-path fading channel, in the last meeting, it was agreed to define requirements for both 2x2 and 2x4, and applicability rule will be considered. As for the detail of applicability rule, we are OK to reuse the existing test applicability rule of NR release 15 UE normal PDSCH performance requirements.
For HST single tap, since Rank 1 is considered, we are OK to define requirements for both 1x2 and 1x4, and reuse the existing test applicability rule of NR release 15 UE normal PDSCH performance requirements.
Issue 5-6: Test applicability for different channel models
We support Moderator’s recommended WF.

	Huawei
	Issue 5-1: whether release independent is feasible considering signalling is introduced in Rel-16
By following LTE HST logic, even RAN2 introduces the related signalling in Rel-16, it still feasible for UE to early implement it, but it is optional to UE, Option 1 is acceptable for us and RAN4 can send LS to RAN2 about this early implementation of the signalling for HST-SFN.
For multi-path fading channel, release independent from Rel-15 is feasible since there is no related ignalling introduced in Rel-16.
Issue 5-2: Release independent requirements
We propose to discuss Issue 5-1 firstly. 
Issue 5-3: Test applicability for different channel models
We prefer Option 2 and Ok to the first item in Option 3. 
Rel-16 LTE HST enhancement defined test applicability rule between single-tap and SFN. For Rel-16 NR HST, similar rule can be reused, i.e. UE that has passed the requirements for HST-SFN does not need to pass the requirements for HST single tap.
Considering the multi-path fading channel is quite different from SFN or single-tap, such application rule is not suitable to define.
Also, “UE can skip Rel-15 HST single tap if UE passes the Rel-16 HST single tap case” is feasible since Rel-16 HST single tap is a higher demand comparing to Rel-15 single tap.
Issue 5-6: Test applicability for different channel models
We agree with the recommended WF.

	Samsung
	Issue 5-1
We can compromise as option 5
Regarding the HST SFN, separate email thread for Rel-16 UE feature list is on-going, we suggest to discuss pending on the progress of Rel-16 UE feature discussion. If it is optional,  maybe it is not feasible for release independent
For HST single tap and multi-path fading, in existing requirement, there is no additional signalling, we are fine with release independent for Rel-16 HST requirement. While from future proof manner, if more high speed requirements are introduced in future release, UE may configure 4 DMRS, where it is optional feature with capability signalling. In that sense, additional signalling  maybe needed, 
Issue 5-6
In this meeting, regarding UE feature/capability for HST-SFN, separate email thread for Rel-16 UE feature list is on-going, we suggest to discuss pending on the it in the email thread progress of for Rel-16 UE feature discussion.
Regarding the test applicability of different channel models
We are fine the recommend WF after checking

	Intel
	Issue 5-1: whether release independent is feasible considering signalling is introduced in Rel-16
Early implementation methodology which was used in LTE Rel-14 is based on assumption that UE does not need to report the corresponding capability for HST-SFN. (Agreement: UE does not need to report the capability for HST features. RAN4#82 ) Same time in our understanding this information is necessary to gNB to perform right scheduling: in SFN or in regular manner. Since Rel-15 UEs cannot report Rel-16 capability it will not be scheduled anyway in SFN manner without any changes in specification. In this case RAN2 efforts is needed. Can companies clarify how to avoid impact on specification?
Also, to define HST-SFN requirements in release independent manner we need to have confirmation from UE chipsets vendors that early implementation of advanced HST-SFN UE behaviour is possible in NR. If it is not possible than it is not reasonable to define requirements in such manner. Can chipset vendors comment on this?
For HST Single tap it can be made if HST RRM signalling is not assumed to be provided during the test. But corresponding discussion is still open. For HST fading we do not see any problems to have release independent requirements.
At current stage we prefer option 5 but open for further discussion considering replying on above questions.  
Issue 5-2: Release independent requirements
Same as 5-1
Issue 5-3: Test applicability for different channel models
If we properly understand the Ericsson view, then we should merge Option 1 and Option 3. If not – we also accept Option 3 which is a reasonable proposal to limit overall HST test scope.
Issue 5-4: HARQ process number
Agree with this proposal.
Issue 5-5: Antenna configuration for HST
Agree with moderator suggestion
Issue 5-6: Test applicability for different channel models
We would like to clarify our view. We do not want to introduce new UE capabilities for HST Fading and HST Single tap. We want to see HST-SFN, HST Single tap and HST Fading as a different UE features to efficiently differentiate these requirements.
Also, discussion of the of requirements type (mandatory/optional) have not been yet. In this case we cannot accept moderator suggestion and would like to differentiate problems of different HST features and requirements types

	Ericsson
	Issue 5-1: 
Regarding the option 1, ‘early implementation’, we are not sure RAN2 has the same understanding as LTE. Maybe we could send LS to RAN2 to ask it. If companies agree to ask RAN2, RAN4 to wait for RAN2 reply for the release independence of the HST-SFN requirements.  
Issue 5-2: 
Support the moderator’s recommended WF. 
Issue 5-3: 
Option 1 or Option 3. We guess option 2 or option 4 comes from LTE applicability rule, but the difference between LTE HST and NR HST is the assumed Doppler frequency. For LTE, both HST-500 and HST-SFN-500 set fd=972Hz, although RAN4 is still discussing the set Doppler frequency for both HST single tap and HST-SFN, and the final values could be different. In this case we cannot agree to apply the same applicability rule to NR HST requirements.  
Issue 5-4:
Support the moderator’s recommended WF. 
Issue 5-5:
Support the moderator’s recommended WF. 
Issue 5-6:
Support the moderator’s recommended WF. For example, LTE UE has no UE capabilities/features according to the fading scenario or single tap scenario. 

	vivo
	Issue 5-1: whether release independent is feasible considering signalling is introduced in Rel-16
If early implementation was done in LTE, we may try in NR R16. 
Moreover, the impact to RRM performance should also be considered. We are not sure whether R15 UE may need to meet R16 HST RRM requirements if early implementation is done.


	DOCOMO
	Issue5-1: We have the same view as CMCC and prefer Option 1. If necessary, send LS to RAN2 to ask whether the features of Rel-16 HST-SFN is early implementable. 
Issue5-2: We prefer Option 2 
Issue5-3: We prefer option 1 in the recommended WF since the motivation and test configurations, e.g. MCS and rank, of each HST scenario are different. 
Issue5-4: We prefer Option 1
Issue5-5: Agree with recommended WF 
Issue5-6: Agree with recommended WF

	Qualcomm
	Issue 5-1: We are ok to make HST-SFN release independent if RAN2 could introduce signalling for Rel-15.
Issue 5-2: We are ok with Option 2 if RAN2 could introduce signalling for Rel-15.
Issue 5-3: We prefer Option 4. But, we can compromise to combine Option 2 and Option 3.
Issue 5-4: Ok with Option 1.
Issue 5-5: Ok with recommended WF.
Issue 5-6: Ok with recommended WF.


 

Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Issue 5-1: whether release independent is feasible considering signalling is introduced in Rel-16
	8 companies comment on issue 5-1. 
· 4 companies think it is feasible for HST-SFN release independent by the “early implementation” manner. 2 of them think sending LS to RAN2 about this is necessary. 
· 1 company think if RAN2 could introduce signaling for Rel-15, it is feasible to make HST-SFN release independent. 
Tentative agreement:
•	 HST Multi-path fading tests can be release independent from Rel-15.
·  HST single tap tests can be release independent from Rel-15 if HST RRM signaling is not provided in the demodulation test.  

Recommendations for 2nd round:
For HST-SFN, more clarification on the “early implementation” is needed. Whether any RAN2 signaling changes are needed. If LTE “early implementation” manner is followed, it is not needed. By doing “early implementation”, it means that Rel-15 UE supporting this feature can report Rel-16 UE capability signaling, and read the Rel-16 network assistance signaling. 
Moderator suggests draft an LS to ask RAN2 whether “early implementation” in NR is still feasible, and other details if needed.

	Issue 5-2: Release independent requirements
	There are some overlapping discussion between 5-1 and 5-2. Suggests focusing on 5-1.

	Issue 5-3: Test applicability for different channel models
	6 companies comment on issue 5-3. It seems that companies can agree that no applicability rule between HST-SFN and HST multi-path fading, or HST single tap and HST multi-path fading. Whether to define applicability rule between HST-SFN and HST single tap can be further discussed. 
•	Option 1 (Intel, Ericsson, CMCC, DOCOMO): Do not define any applicability rules between HST-SFN, HST single tap and HST multi-path fading performance test cases.
•	Option 2 (Huawei, Qualcomm) : Do not test UE under HST single-tap, if UE passes the requirements for HST-SFN.
•	Option 3: 
•	(Huawei, Intel, Ericsson, Qualcomm) UE can skip Rel-15 HST single tap if UE passes the Rel-16 HST single tap case. 
•	(Intel, Ericsson, Qualcomm) UE can skip Rel-15 HST fading case with TDLB100-400 if UE passes the Rel-16 HST fading case with TDLC300-600/TDLC300-1200.
•	Option 4 (Qualcomm): Do not test UE under HST single tap and HST multi-path scenarios, if UE passes the requirements for HST-SFN.
Tentative agreement:
· Do not define any applicability rule between HST-SFN and HST multi-path fading
· Do not define any applicability rule between HST single tap and HST multi-path fading. 
· FFS whether to define applicability rule between HST-SFN and HST single tap.

Recommendations for 2nd round:
Continue to discuss the following issues and options
1. Applicability rule between different channel models:
· Option 1: Do not define any applicability rule between HST-SFN and HST single tap
· Option 2:  Do not test UE under HST single-tap, if UE passes the requirements for HST-SFN under the condition that the Doppler frequency is the same for both HST single tap and HST-SFN.
· Option 3: Do not test UE under HST single-tap, if UE passes the requirements for HST-SFN.
2. Applicability rule between different Doppler frequencies for the same channel model: 
•	UE can skip Rel-15 HST single tap if UE passes the Rel-16 HST single tap case. 
•	UE can skip Rel-15 HST fading case with TDLB100-400 if UE passes the Rel-16 HST fading case with TDLC300-600/TDLC300-1200. 

	Issue 5-4: HARQ process number
	Tentative agreement:
Adopt HARQ process number 4 for FDD and HARQ process number 8 for TDD with pattern 7D1S2U, as defined for HST in NR Rel-15.

	Issue 5-5: Antenna configuration for HST
	Tentative agreement:
•	For HST-SFN
•	Define requirements for both 2x2 and 2x4, and reuse the existing test applicability rule of NR release 15 UE normal PDSCH performance requirements
•	For multi-path fading channel
•	Define requirements for both 2x2 and 2x4, and reuse the existing test applicability rule of NR release 15 UE normal PDSCH performance requirements
•	For single tap HST
•	Define requirements for both 1x2 and 1x4, and reuse the existing test applicability rule of NR release 15 UE normal PDSCH performance requirements

	Issue 5-6: UE capabilities/features
	8 companies comment on issue 5-6, 7 companies support the following recommended WF
•	Introduce per-UE capability to support enhanced demodulation performance for HST-SFN joint transmission scheme with velocity up to 500km/h. (Agreement in RAN4#93)
•	No UE capability signaling is introduced for HST single tap and multi-path fading requirements up to 500km/h. The requirements are mandatory supported by UE.
Recommendations for 2nd round:
It seems that Intel’s proposal is not fully understood by companies and moderator. Suggest to provide comments based on the following clarified proposal in 2nd round discussion:
“We do not want to introduce new UE capabilities for HST fading and HST Single tap. We want to see HST-SFN, HST Single tap and HST fading as a different UE features to efficiently differentiate these requirements.
Also, discussion of the of requirements type (mandatory/optional) have not been yet. In this case we cannot accept moderator suggestion and would like to differentiate problems of different HST features and requirements types”



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	LS on early implementation issue for NR HST
	CMCC



Discussion on 2nd round (if applicable)

Open issues summary
Issue 5-1: whether release independent is feasible considering signalling is introduced in Rel-16
Tentative agreement in 1st round:
•	 HST Multi-path fading tests can be release independent from Rel-15.
•	 HST single tap tests can be release independent from Rel-15 if HST RRM signaling is not provided in the demodulation test. 
 Recommendations for 2nd round:
· For HST-SFN, more clarification on the “early implementation” is needed. Whether any RAN2 signaling changes are needed. If LTE “early implementation” manner is followed, it is not needed. By doing “early implementation”, it means that Rel-15 UE supporting this feature can report Rel-16 UE capability signaling, and read the Rel-16 network assistance signaling. 
· Companies can further discuss the “early implementation” based on the draft LS.

Issue 5-3: Test applicability for different channel models
Tentative agreement in 1st round:
•	Do not define any applicability rule between HST-SFN and HST multi-path fading
•	Do not define any applicability rule between HST single tap and HST multi-path fading. 
•	FFS whether to define applicability rule between HST-SFN and HST single tap.
Recommendations for 2nd round:
Q1.	Applicability rule between different channel models:
•	Option 1: Do not define any applicability rule between HST-SFN and HST single tap
•	Option 2:  Do not test UE under HST single-tap, if UE passes the requirements for HST-SFN under the condition that the Doppler frequency is the same for both HST single tap and HST-SFN.
•	Option 3: Do not test UE under HST single-tap, if UE passes the requirements for HST-SFN.
Q2.	Applicability rule between different Doppler frequencies for the same channel model: 
•	UE can skip Rel-15 HST single tap if UE passes the Rel-16 HST single tap case. 
•	UE can skip Rel-15 HST fading case with TDLB100-400 if UE passes the Rel-16 HST fading case with TDLC300-600/TDLC300-1200.

Issue 5-6: UE capabilities/features
Recommended WF in the 1st round
•	Introduce per-UE capability to support enhanced demodulation performance for HST-SFN joint transmission scheme with velocity up to 500km/h. (Agreement in RAN4#93)
•	No UE capability signaling is introduced for HST single tap and multi-path fading requirements up to 500km/h. The requirements are mandatory supported by UE.
Recommendations for 2nd round:
It seems that Intel’s proposal is not fully understood by companies and moderator. Suggest to provide comments based on the following clarified proposal in 2nd round discussion:
“We do not want to introduce new UE capabilities for HST fading and HST Single tap. We want to see HST-SFN, HST Single tap and HST fading as a different UE features to efficiently differentiate these requirements.
Also, discussion of the of requirements type (mandatory/optional) have not been yet. In this case we cannot accept moderator suggestion and would like to differentiate problems of different HST features and requirements types”
2. Open issues 
	Company
	Comments

	Huawei
	Issue 5-3: Test applicability for different channel models
Q1.	Applicability rule between different channel models:
We prefer Option 2.
Q2.	Applicability rule between different Doppler frequencies for the same channel model: 
We prefer the first item, i.e. UE can skip Rel-15 HST single tap if UE passes the Rel-16 HST single tap case since Rel-16 HST single-tap is higher demand comparing to Rel-15 HST single-tap.
Issue 5-6: UE capabilities/features
We prefer to keep the previous agreements that only UE capability for HST-SFN joint transmission scheme is needed.

	Intel
	Issue 5-1: whether release independent is feasible considering signalling is introduced in Rel-16
Can chipset vendors confirm that it is possible to NR Rel-15 UEs report Rel-16 signaling and read Rel-16 network assistance?
Issue 5-3: Test applicability for different channel models
For Q1: We prefer Option 1. We see the important difference between HST-SFN and HST-Single tap scenarios. The main motivation factors to define such test cases is: to test significant frequency jump and implementation of advanced receive processing for HST-SFN; and to test tracking of sharp Doppler trajectory for HST-Single tap. Since considered targets do not intersect RAN4 should not define applicability rule between these tests. 
For Q2: We agree with both proposed options.

	Ericsson
	Issue 5-3:
Q1: Option 2 with slight modification:
Do not test UE under HST single-tap, if UE passes the requirements for HST-SFN under the condition that the maximum Doppler frequency of HST-SFN test case is equal or greater than that of HST single tap test case.
Q2: We support the recommended WF.
Issue 5-6:
We can repeat the same comments as the 1st round: LTE UE has no UE capabilities/features according to the fading scenario or single tap scenario. We propose to keep the same rule as LTE. 

	Qualcomm
	Issue 5-3: 
Q1: We prefer Option 3. We believe that frequency offset variation is smaller in HST single tap compared to HST-SFN, even if Doppler for HST single tap is higher than HST-SFN.
Q2: Ok with recommended WF.

	vivo
	Issue 5-1: whether release independent is feasible considering signalling is introduced in Rel-16
In our view, the situation may be different from LTE R13/R14, since NR R15 UE is now already on the market. For those UE it is almost not possible to support HST-SFN. We are fine to introduce this HST-SFN JT feature to R15 if such feature is optional in R15.
Issue 5-6: UE capabilities/features
The feature of HST-SFN JT should be optional.

	NTT DOCOMO
	Issue 5-3: Test applicability for different channel models
Q1.	Applicability rule between different channel models:
Our preference is Option 1. But we are open to discuss other option to follow LTE approach.
Q2.	Applicability rule between different Doppler frequencies for the same channel model: 
We do not agree with both of proposals described in Q2. In our understanding, some related parameters such as TRS configuration are different between Rel-15 and Rel-16 HST and it means that Rel-16 HST requirement would not guarantee Rel-15 HST requirements. At least, we think it is early to make an agreement since max. Doppler frequency for HST single tap is still under discussion
Issue 5-6: UE capabilities/features
We support recommended WF since we do not see any motivation to change LTE approach to define UE capability



Summary on 2nd round (if applicable)
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	R4-2005533
	LS on early implementation issue for NR HST was already agreed in Wednesday GTW session.
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