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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: R4-2005532 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

	R4-2006612
	Qualcomm Incorporated
	Proposal 1: Do not consider Transmission schemes 1 for defining new requirements.
Proposal 2: Choose one of below options for maximum Doppler frequency for FDD HST-SFN:
	Option 1: Use +/-0.1ppm frequency error margin when determining maximum Doppler frequency for HST-SFN in future. As an exception, use maximum Doppler frequency of 870Hz for FDD 15kHz SCS under HST-SFN scenario.
	Option 2: Use maximum Doppler frequency of 851Hz for FDD 15kHz SCS under HST-SFN scenario.
Proposal 3: Do not test UE under HST single tap and HST multi-path scenarios, if UE passes the requirements for HST-SFN.

	R4-2007274
	vivo
	Proposal 1: From perspective of UE receiver processing, test of HST-SFN DPS cannot be covered by either HST single tap or HST-SFN JT.
Proposal 2: Define new test case for DPS, and further discuss the details of test setup and side conditions for the test.
Proposal 3 For HST-SFN DPS, no additional UE feature is needed.
Proposal 4 For HST-SFN JT, the related UE feature should be optional in NR.

	R4-2006534
	Intel Corporation
	Proposal #1: 	Define requirements for both DPS schemes for different UE capabilities with corresponding applicability rule.
Proposal #2: 	Define the following applicability rule: If UE passed HST-SFN requirements it does not need to be tested in HST-DPS.

	R4-2007233
	Huawei, HiSilicon
	Observation 1: Different UE receiver processing from demodulation requirements for DPS compared to HST single-tap and HST-SFN channel model. 

Proposal 1: Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities. For UE supporting tracking two active TCI states, the requirement for DPS 1a can be skipped.

	R4-2007382
	Ericsson
	Proposal 1: RAN4 does not define new PDSCH demodulation requirements assuming DPS in HST WI.



Open issues summary
Transmission scheme 1a and 1b
Agreements in RAN4#94e Bis meeting:
· DPS transmission scheme 1 (including 1a and 1b)
· Further discuss the test case design for DPS transmission scheme 1, and verify whether new specific UE receiver processing from demod aspect required compared to UE to handle HST-single Tap and HST-SFN channel model.

Issue 1-1: Whether new specific UE receiver processing from demod aspect required compared to UE to handle HST-single Tap and HST-SFN channel model.
· Proposals
· Option 1: No
· (Qualcomm): Demodulation algorithm for transmission scheme 1a/1b is tested in HST single tap test when UE is connected to single RRH. 
· (Qualcomm): Frequency error tracking for transmission scheme 1a/1b is same as frequency error tracking in case of HST-SFN tests and it is subject to UE capability of supporting HST-SFN.
· (Ericsson) Handling of TCI switching can by verified by eMIMO multi-TRP transmission requirements.
·  Option 2: Yes
· Test of HST-SFN DPS cannot be covered by either HST single tap or HST-SFN JT.
· (Intel): HST multi-RRH conditions is not verified in HST Single tap scenario.
· (Huawei): Different UE receiver processing from demodulation requirements for DPS compared to HST single-tap and HST-SFN channel model.
· (vivo): 
· Doppler trajectory of DPS is different from single tap.
· UE Doppler tracking behaviour can be different from HST-SFN JT
· TCI state transition is unique for DPS
· Recommended WF
· 5 companies discuss issue 1-1. 2 companies think no new UE receiver processing compared to HST-single tap and HST-SFN, 3 companies think test of HST-SFN DPS cannot be covered by either HST single tap or HST-SFN JT. More discussion is needed.

Issue 1-2: Whether to define new requirements and tests for DPS transmission scheme 1
· Proposals
· Option 1 (Qualcomm, Ericsson): Do not consider Transmission schemes 1 for defining new requirements. 
· Option 2a (vivo): Define requirements for transmission scheme 1.
· Option 2b (Intel): 
· Define requirements for both DPS schemes for different UE capabilities with corresponding applicability rule.
· Define the following applicability rule: If UE passed HST-SFN requirements it does not need to be tested in HST-DPS.
· Option 2c (Huawei)
· Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities. For UE supporting tracking two active TCI states, the requirement for DPS 1a can be skipped.
· Recommended WF
· 5 companies discuss issue 1-2. In general, 2 companies propose to not consider transmission scheme 1 3 companies propose to define requirements for transmission scheme 1. Regarding how to define requirements, there are slightly different proposals (option 2a, 2b, 2c). More discussion is needed.

Issue 1-3: Test setup for transmission scheme 1a
· Proposals
· Option 1 (Intel)
1. UE is configured with two different TCI states associated with two different RRHs for PDSCH by RRC signaling
2. PDSCH associated with TCI #0 is transmitted during the slots from 0 to (n-1) + HARQ needed time + 3ms + first TRS + TRS processing time
3. In slot n  TE start triggering TCI state switching command by MAC CE scheduling
4. PDSCH associated with TCI #1 is transmitted in slots from n + HARQ needed time + 3ms + first TRS + TRS processing time to N. 
1) where n slots are equivalent to time that needed to pass middle point between two RRHs (350 m), N slots is equivalent to time that needed to pass second RRH (700m)
2) PDSCH slots contained MAC CE are scheduled with more robust MCS
3) 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.
· Option 2: (Huawei)
1. UE is configured with two different TCI states associated with two different RRHs by RRC signalling tci-StatesToAddModList in the PDSCH-Config and tci-PresentInDCI is not configured;
1. TE actives TCI #0 for PDCCH by “TCI State Indication for UE-specific PDCCH MAC CE”;
1. PDSCH associated with TCI #0 is transmitted during the slots from 0 to (n-1) + HARQ needed time + 3ms + first TRS + TRS processing time;
1. In slot n  TE start triggering TCI state switching command to TCI #1 by “TCI State Indication for UE-specific PDCCH MAC CE”;
1. PDSCH associated with TCI #1 is transmitted in slots from n + HARQ needed time + 3ms + first TRS + TRS processing time to N. 
where n slots are equivalent to time that needed to pass middle point between two RRHs, N slots is equivalent to time that needed to pass second RRH

· Recommended WF
· More discussion is needed.

Issue 1-4: Test setup for transmission scheme 1b
· Proposals 
· Option 1: (Intel)
1. UE is configured with two different TCI states associated with two different RRHs for PDSCH and third TCI state associated with both RRHs for PDCCH by RRC signaling
2. TE activates three TCI states at the same time by one MAC CE “TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” command
3. TE transmit PDCCH associated with TCI#2 from TRP#1 and TRP#2 from slot 0 to N
4. DCI contains pointer to TCI#0 from slot 0 to n-1 and pointer to TCI#1 from slot n to N 
5. TE transmits PDSCH associated with TCI #0 from TRP#0 from slot 0 to n-1
6. TE transmits PDSCH associated with TCI #1 from TRP#1 from slot n to N
where n slots are equivalent to time that needed to pass middle point between two RRHs (350 m), N slots is equivalent to time that needed to pass second RRH (700m)
· Option 2a: (Huawei)
(total 2 active TCI states): PDCCH TCI state switching delay caused by MAC CE, but less than DPS 1a with pre-tracking of second TCI state and only HARQ needed time + 3ms delay is needed, UE tracks 2 active TCI states in advance so that UE can quickly get better Doppler shift estimation for the second TRP compared to DPS 1a.
1. UE is configured with two different TCI states (TCI #0 and TCI #1) associated with two different RRHs by RRC signalling tci-StatesToAddModList in the PDSCH-Config and tci-PresentInDCI is not configured;
2. TE activates TCI #0 and TCI #1 for PDSCH at the same time by “TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” and activates TCI #0 for PDCCH by “TCI State Indication for UE-specific PDCCH MAC CE” command with the field of CORESET ID set to 0;
3. TE transmits PDCCH and PDSCH associated with TCI #0 from TRP#1 from slot 0 to n-1;
4. In slot n  TE start triggering TCI state switching command to TCI #1 by “TCI State Indication for UE-specific PDCCH MAC CE”;
5. TE transmits PDCCH and PDSCH associated with TCI #1 from TRP#2 from slot n to N.
where n slots are equivalent to time that needed to pass middle point between two RRHs, N slots is equivalent to time that needed to pass second RRH

· Option 2b: (Huawei)
(Total 3 active TCI states): No PDCCH TCI state switching delay by using MAC CE, but 3 active TCI states to track, UE needs to report supporting of maxNumberActiveTCI-PerBWP = n4
1. UE is configured with three different TCI states (TCI #0, TCI #1 and TCI #2) associated with two different RRHs by RRC signalling tci-StatesToAddModList in the PDSCH-Config;
1. TE activates TCI #0 and TCI #1 for PDSCH at the same time by “TCI States Activation/Deactivation for UE-specific PDSCH MAC CE” and activates TCI #2 for PDCCH by “TCI State Indication for UE-specific PDCCH MAC CE” command with the field of CORESET ID set to 0;
1. TE transmits PDCCH associated with TCI#2 from TRP#1 and TRP#2 from slot 0 to N
1. DCI contains pointer to TCI#0 from slot 0 to n-1 and pointer to TCI#1 from slot n to N 
1. TE transmits PDSCH associated with TCI #0 from TRP#0 from slot 0 to n-1
1. TE transmits PDSCH associated with TCI #1 from TRP#1 from slot n to N
where n slots are equivalent to time that needed to pass middle point between two RRHs, N slots is equivalent to time that needed to pass second RRH
· Recommended WF
· More discussion is needed.

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

	Intel
	Issue 1-1: Whether new specific UE receiver processing from demod aspect required compared to UE to handle HST-single Tap and HST-SFN channel model
Compare to HST-Single tap the channel model HST multi-RRH DPS is rather different. The big frequency jump is not verified in HST-Single tap.
Handling of frequency jump is verified in HST-SFN but HST-SFN is optional feature and might be not supported by some UEs. Same time supporting of DPS is mandatory feature and corresponding test will be applicable for all UEs. 
Also, some company mentioned that handling of TCI state switching can be verified in eMIMO related test cases. Same time Rel-15 DPS Tx scheme is out of scope of Rel-16 eMIMO WI. In Rel-16 multi-TRP Tx schemes the TCI state switching is not considered which means that there are no frequency jumps. Besides that, supporting of Rel-16 multi-TRP Tx schemes is optional feature.  
Test of HST-SFN DPS cannot be covered by either HST single tap or HST-SFN JT or eMIMO test cases.
Issue 1-2: Whether to define new requirements and tests for DPS transmission scheme
We think it is reasonable to merge options 2a 2b and 2c to one option:
Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities. If UE supports more than one active TCI state (2 or 4) the requirements with lower number of active TCI states can be skipped. If UE passed HST-SFN requirements it does not need to be tested in HST-DPS.
Issue 1-3: Test setup for transmission scheme 1a
In general option 1 and 2 are same, but option 2 provides more details. Agree with option 2.
Issue 1-4: Test setup for transmission scheme 1b
DPS transmission scheme can be implemented with 2 active TCI states (option 2a) and with 3 active TCI states (options 1 and 2b). DPS with 3 active TCI states allows to significantly decrease TCI state switching time. Same time it cannot be supported by all UEs. In this case we prefer to have requirements for both scenarios: with 2 and 3 active TCI states. 
Option 2a should be considered for scenario with 2 active TCI states. For scenario with 3 active TCI states option 2b should be considered since it provides more details. 

Update
To Ericsson: We should not mix Rel-16 eMIMO and HST DPS. All Rel-16 eMIMO Tx schemes are optional features based on RAN1 feature list. Same time there is no optional features  to support DPS with one active TCI state. UE may not support eMIMO Rel-16 schemes but always supports basic DPS scheme (one active TCI state) from Rel-15. Also, as we mentioned in our paper and comments above HST-SFN is an optional feature. It is not enough to define requirements only for HST-SFN since if UE do not support it – it will not be tested in HST multi-RRH conditions or equivalently in propagation conditions with big frequency jump. Our intention is to have sufficient coverage for HST multi-RRH deployments. To limit required test number, we are open for further discussion regarding applicability rule between HST-DPS and HST-SFN.
To Qualcomm, Huawei, Vivo:  As we see companies have different views on whether HST-SFN can cover HST-DPS. The main problem is that RAN4 have not been discussed basic UE implementation for HST-SFN.
In our understanding basic enhanced UE implementation for HST-SFN means
· Frequency domain frequency estimation + Pre FFT compensation
· Enhanced channel estimation. 
Frequency domain frequency tracking is tracking of combined Doppler trajectory, but it is mainly tracking strongest channel tap due to large receive power difference of different channel taps. We agree with Huawei that in total it is synthesized frequency but mainly corresponding to the strongest channel tap. Basic implementation should assume that UE cannot distinguish channel taps in frequency domain.  
With considered above approach on frequency tracking enhanced channel estimation is needed since observed Doppler power profile after Pre FFT frequency compensation is not Jakes spectrum. 
Can companies confirm that this is a basic enhance UE implementation but details of it is up to company decision? We believe that if RAN4 agree on basic HST-SFN processing it will be easy to compare HST-SFN and HST DPS.
To Qualcomm
As Vivo mentioned,  UE implementation for HST-SFN and HST-DPS is up to UE implementation but in general HST-DPS can be supported by basic UE receive processing without any enhancements which are considered for HST-SFN. Different TCI states are configured for each RRH hence UE is observed only one channel tap at each time and can easily perform frequency tracking and channel estimation. 

In the middle point between two RRHs in HST-SFN conditions, UE observes two taps with equal power but with opposite big Doppler frequencies. In this case enhance frequency tracking is needed to properly handle such situation. Same time in HST DPS at each TCI state UE observes only one channel tap. Even with one active TCI state there is no need to enhance conventional frequency tracking if frequency jump in the middle point is within TRS tracking range.   
In result, HST-DPS can be mandatory feature since no enhancements in UE receive processing are needed and  all feature components that are needed to support HST-DPS are mandatory features from Rel-15. 
Also, we would like no note that our comparison results for HST-SFN and HST-DPS was evaluated with conventional channel estimation and frequency tracking for HST-DPS.   

	Huawei
	Issue 1-1: Whether new specific UE receiver processing from demod aspect required compared to UE to handle HST-single Tap and HST-SFN channel model.
We prefer Option 2: Test of HST-SFN DPS cannot be covered by either HST single tap or HST-SFN JT.
For HST DPS, there is sharp Doppler shift change at the TCI switching point.
For HST single-tap, it will take about 3 to 4 TRS tracking points to complete the Doppler shift changes from negative to positive gradually, there is no instant Doppler shift jump from negative to positive or vice versa.
For HST-SFN, some companies say that the same Doppler shift trajectories can be observed if UE follow strongest path. However, UE cannot “follow strongest” path, because UE is only configured with the same TCI state received from 4 RRUs for SFN, it is the combined channel from UE point of view and UE can’t distinguish the Doppler from each RRU. Such strategy is too ideal to describe practical UE frequency tracking behaviour, we should not analyse the Doppler shift characters for HST SFN based on such assumption. It is more suitable that UE consider all 4 paths and tracks the synthesized frequency and no sharp Doppler jump can be observed. Also, there is worse performance by only tracking the strongest path compared to tracking 4 paths at the same time based on our evaluations.
From the above analysis, we can know that there are different UE receiver processing capability from demodulation aspects for DPS compared to HST single-tap and HST-SFN, it cannot conclude that HST single tap or HST-SFN can cover the baseband processing for DPS 1a and 1b.
Issue 1-2: Whether to define new requirements and tests for DPS transmission scheme 1
We prefer Option 2c. Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities. For UE supporting tracking two active TCI states, the requirement for DPS 1a can be skipped.
For Option 2b, as comments on Issue 1-1, we don’t think the performance requirements for HST-SFN can cover that for HST-DPS, it is not feasible to skip the DPS test if UE passed HST-SFN requirements. We agree the proposal from Intel with the following updates:
Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities. If UE supports more than one active TCI state (2 or 4) the requirements with lower number of active TCI states can be skipped. If UE passed HST-SFN requirements it does not need to be tested in HST-DPS.
Issue 1-3: Test setup for transmission scheme 1a
We prefer Option 2 and OK with the manner for MAC CE scheduling PDSCH with robust MCS to ensure the reliable performance of MAC CE and ACK counting during the test in Option 1.
Issue 1-4: Test setup for transmission scheme 1b
We prefer Option 2a between Option 2a and 2b with less number of active TCI states to track, but we are ok to define requirements for both Option 2a and 2b with test applicability rule. Only 3 
active TCI states is required for Option 2b, but as per core specification, only supporting 4 active states can be reported, maybe RAN4 can send LS to RAN2 to update this.

Updates on 2020/05/28:
@Intel, the following basic enhanced UE implementation for HST-SFN:
· Frequency domain frequency estimation + Pre FFT compensation
· Enhanced channel estimation
From our understanding, it is AFC behavior and is basic UE implementation for HST-SFN.
@Qualcomm, we are wondering how you distinguish the Doppler shift of the strongest path from other path considering the synthesized frequency received by UE?
DPS 1a with support of one TCI state is mandatory without UE capability and DPS 1b with support of more than 1 active TCI state is mandatory with UE capability, these can be found from the NR Rel-15 UE feature list defined in TR 38.822.

	Ericsson
	Issue 1-1/1-2:
It seems the point is to verify big Doppler jump and TCI switching. 
We first want to understand the UE receiver assumption. Do the companies supporting DPS requirements assume it is applicable from Rel-16 UE or this could be applicable from Rel-15 UE? Since it does not require any Rel-16 capability or network assisted signalling, it could be applicable from Rel-15 UEs. 
If this requirement is applicable from Rel-16 UE, then we think the multi-TRP transmission requirement discussed in eMIMO can verify the TCI switching and HST-SFN requirements can verify the large Doppler shift jump. So we don’t need to define DPS for Rel-16 UE capable of the advanced receiver for HST-SFN and eMIMO multi-TRP reception. 
On the other hand, if DPS requirements can be applicable from Rel-15, there is no test cases for handling two TCI transmissions. Regarding the Doppler jump, if Rel-15 UE is capable for HST-SFN with early implementation, this test is enough to verify it. Regarding the TCI switching, we are not still sure this functionality verification should be considered as UE demodulation requirements. We want to hear other companies view. 
Regarding the comments UE Doppler tracking is different from HST-SFN/HST single/fading. It is true, but it is impossible to set all the fading channels. So, we should compromise to pick up a few channel models. 


	Qualcomm
	Issue 1-1/1-2: We prefer Option 1. Also, we never discussed whether DPS is a mandatory feature to support or not. So, we are not sure what Intel is referring to. Can Intel please clarify? In our opinion, basic UE implementation for loops/Doppler tracking is to track only the strongest tap. Under that implementation, frequency error tracking for DPS is same as HST-SFN. If UE doesn’t support HST-SFN, it may not support frequency tracking in DPS either depending on its implementation. So, in that sense, we don’t see any benefit of defining the requirements for DPS scheme.

	CMCC
	Issue 1-2: Whether to define new requirements and tests for DPS transmission scheme
From our point of view, the key issue is to verify the performance of DPS scheme. If companies agree that DPS is covered by HST single tap and/or HST-SFN JT and no new requirements are specified, it is also necessary to identify by passing which test that the UE behaviour or performance of DPS can be guaranteed. The other consideration is that even if companies agree that DPS can be covered by HST-SFN JT, since there is UE capability for HST-SFN JT, while for DPS, it was agreed no UE capability is need, as a result, there will be the case that if UE is not capable of HST-SFN, how can we verify the performance of DPS? In this case, it is also necessary to specify the requirements for DPS transmission.

	vivo
	Issue 1-1: Whether new specific UE receiver processing from demod aspect required compared to UE to handle HST-single Tap and HST-SFN channel model.
We support option 2.
We think that companies can agree on the large Doppler jump occurred in HST-SFN DPS cannot be verified by HST single tap. The main concern is whether HST-SFN DPS can be covered by HST-SFN if they are both optional feature. In our understanding, UE may or may not have the same demod algorithm for HST-SFN DPS and HST-SFN JT and that depends on the supported feature in R15 background. For example, as QC mentioned, if the strongest two taps have almost the same power but opposite Doppler shift, tracking the strongest tap may not be the optimal solution for UE. The detailed algorithm should be implementation-specific and a smart UE may adapt its implementation to different scenarios and its supported features. Therefore, since the scenario is different, the corresponding UE implementation should be different and the test case is needed.
On the other hand from TCI state switch point of view, to support DPS, in our understanding network has to configure different TCI state for different RRH, but for HST-SFN network may also configure only one TCI state for all RRHs, which is similar to LTE. Clearly the UE algorithm should be different in these two cases. 
Regarding to whether DPS is a mandatory feature, in our view there is not too much to discuss since the related feature is already defined as mandatory in R15 background. We have different opinion with intel since multi-RRH here is not supported by R16 eMIMO Multi-TRP feature. In our view basic multi-TRP DPS can already work in R15 background based on proper QCL configuration and R16 eMIMO is more like multi-TRP JT. The TCI state switch that related to DPS discussion should be the basic TCI state switch in R15 scope. On the other hand, the only possible difference between DPS and other mandatory R15 features is possibly the higher Doppler shift to be handled due to up to 500km/h speed. In our view this should be mandatory without capability and we are not sure whether such feature should still be listed in the feature list. We better have this discussion in issue 5-6.
Issue 1-2: Whether to define new requirements and tests for DPS transmission scheme 1
We suggest to agree on define requirement for DPS first. On the applicability rule we share the same view as Huawei.
Issue 1-3: Test setup for transmission scheme 1a
In principle option 1 and option 2 are the same. We can discuss more detail if it is agreed to introduce test cases for DPS.



 
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 new specific UE receiver processing from demod aspect required compared to UE to handle HST-single Tap and HST-SFN channel model
	Option 1 (Ericsson, Qualcomm): No
Companies supporting “no” basically think that:
· Frequency error tracking of Large Doppler shift jump can be verified in HST-SFN requirements.
· TCI switching can be verified in multi-TRP transmission requirements discussed in eMIMO.
Option 2 (Intel, Huawei, vivo): Yes
Companies supporting “Yes” basically think:
· Frequency error tracking of Large Doppler shift jump cannot be verified in HST single tap.
· Frequency error tracking of Large Doppler shift jump cannot be verified in HST-SFN. Depending on UE implementation, the frequency tracking may be different from HST-SFN, but in general DPS can be supported by basic UE receive processing without any enhancements which are considered for HST-SFN.
· TCI state switch in DPS cannot be verified in either HST-SFN or eMIMO
To summarize, companies all agree that Frequency error tracking of Large Doppler shift jump cannot be verified in HST single tap. Whether the frequency error tracking can be verified in HST-SFN, companies have different views on the UE implementation. It seems that companies agree that the TCI state switch cannot be verified in either HST single tap or HST-SFN, and whether TCI state switch can be verified in eMIMO, companies have different views. 
Tentative agreements:
· Frequency error tracking of Large Doppler shift jump in DPS cannot be verified in HST single tap. 
· TCI state switch in DPS cannot be verified in HST single tap and HST-SFN.
Recommendations for 2nd round:
· Whether the frequency error tracking can be verified in HST-SFN, companies have different views on the UE implementation. Continue the discussion in 2nd round.
· Whether TCI state switch can be verified in multi-TRP transmission requirements discussed in eMIMO, companies have different views. Continue the discussion in 2nd round.


	Issue 1-2: Whether to define new requirements and tests for DPS transmission scheme

	· Option 1 (Qualcomm, Ericsson): Do not consider Transmission schemes 1 for defining new requirements.
· Option 2b (Intel): Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities. If UE supports more than one active TCI state (2 or 4) the requirements with lower number of active TCI states can be skipped. If UE passed HST-SFN requirements it does not need to be tested in HST-DPS.
· Option 2c (Huawei, vivo): Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities. If UE supports more than one active TCI state (2 or 4) the requirements with lower number of active TCI states can be skipped. 
This issue should be discussed together with issue 1-1. For the companies supporting define DPS requirements, it is proposed to define applicability rule, but there are two options on the detailed applicability rule.
Recommendations for 2nd round:
Discuss together with issue 1-1. Further discuss the following options in 2nd round.
· Option 1: Do not consider Transmission schemes 1 for defining new requirements.
· Option 2b: Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities. If UE supports more than one active TCI state (2 or 4) the requirements with lower number of active TCI states can be skipped. If UE passed HST-SFN requirements it does not need to be tested in HST-DPS.
· Option 2c: Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities. If UE supports more than one active TCI state (2 or 4) the requirements with lower number of active TCI states can be skipped. 

	Issue 1-3: Test setup for transmission scheme 1a

	In principle option1 and option 2 are the same. Option 2 provides more details. 2 companies support option 2. 
Tentative agreements:
Use option 2 as baseline for DPS transmission scheme 1a test setup if it is agreed to introduce DPS test.

	Issue 1-4: Test setup for transmission scheme 1b
	Option 2a is for scenario with 2 active TCI states, option 2b is for scenario with 3 active TCI states. 2 companies support option 2a and 2b.
Tentative agreements:
Use option 2a and 2b as baseline for DPS transmission scheme 1b test setup if it is agreed to introduce DPS test. FFS on choose one of them or both. 



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

	#1
	WF on NR HST demodulation requirements
	CMCC




Discussion on 2nd round (if applicable)
Open issues summary
Issue 1-1: Whether new specific UE receiver processing from demod aspect required compared to UE to handle HST-single Tap and HST-SFN channel model
Recommendations for 2nd round:
•	Whether the frequency error tracking can be verified in HST-SFN, companies have different views on the UE implementation. Continue the discussion in 2nd round.
•	Whether TCI state switch can be verified in multi-TRP transmission requirements discussed in eMIMO, companies have different views. Continue the discussion in 2nd round.
Issue 1-2: Whether to define new requirements and tests for DPS transmission scheme
Recommendations for 2nd round:
Discuss together with issue 1-1. Further discuss the following options in 2nd round.
· Option 1: Do not consider Transmission schemes 1 for defining new requirements.
· Option 2b: Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities. If UE supports more than one active TCI state (2 or 4) the requirements with lower number of active TCI states can be skipped. If UE passed HST-SFN requirements it does not need to be tested in HST-DPS.
· Option 2c: Define performance requirements for DPS 1a and 1b with test applicability rule for different UE capabilities. If UE supports more than one active TCI state (2 or 4) the requirements with lower number of active TCI states can be skipped.
Issue 5-7: UE features for HST DPS (move issue 5-7 to be discussed together with issue 1-1 and 1-2)
–	Option 1: For HST DPS, no additional UE feature 
–	Option 2: For HST DPS, introduce a UE feature
–	Option 3: For HST DPS, tied to HST-SFN capability 
Recommendations for 2nd round:
It was agreed in previous meeting, that no UE capability signalling will be introduced for DPS. If we go with option3, does it mean that companies would like to revert the agreement and introduce UE capability for DPS?
Companies provide your views on the three options in 2nd round disucsison.
Open issues 
	Company
	Comments

	Huawei
	Issue 1-1: Whether new specific UE receiver processing from demod aspect required compared to UE to handle HST-single Tap and HST-SFN channel model
Whether the frequency error tracking can be verified in HST-SFN
Firstly, we think that the following implementation is AFC behavior and is basic UE implementation for HST-SFN.
· Frequency domain frequency estimation + Pre FFT compensation
· Enhanced channel estimation
Also, UE is configured with the same one TCI state received from 4 RRHs for SFN, it is the combined channel from UE point of view and UE can’t distinguish the Doppler from each RRH. UE should consider all 4 paths and tracks the synthesized frequency all the time, UE is mainly affected by the strongest path when it is nearer to one RRH and UE should track to near 0Hz at the mid-point of two RRHs considering that two main paths have similar power but opposite Doppler, i.e. there is gradual Doppler shift change and no sharp Doppler jump during the whole process, as the following figure shows in the left hand.
[image: ][image: ]
But there is a huge Doppler jump at the switching point for DPS that is very higher challenge for UE to track. Therefore, we can conclude that the frequency error tracking for DPS cannot be verified in HST-SFN.
Whether TCI state switch can be verified in multi-TRP transmission requirements discussed in eMIMO
- DPS 1a with support of one TCI state is mandatory without UE capability and DPS 1b with support of more than 1 active TCI state is mandatory with UE capability, both of them are Release 15 features and corresponding performance requirements can be release independent from Release 15 and supported by Release 15 UE. While eMIMO is a Release 16 feature and can only be supported by Release 16 UE;
- UE receives PDSCH from one TRP at one time by handling the Doppler shift from the current scheduling DCI for DPS, but UE receives multi-PDSCH from multi-TRP at one time scheduled by multi-DCI or single-DCI for eMIMO, UE needs to follow the Doppler shifts from both DCI or from one single-DCI but with indication of two TCI states from different TRP for the PDSCH receiving;
- Transmission scheme 2 and 3 are the scenarios that are covered in Rel-16 eMIMO feature, they are out of the range of this NR HST WI, RAN4 has concluded not discuss them at the current stage. 
From the above aspects’ analysis, we don’t think TCI state switch of DPS can be verified in multi-TRP transmission requirements discussed in Release 16 eMIMO WI.
Issue 1-2: Whether to define new requirements and tests for DPS transmission scheme
We prefer Option 2c.
As discussed in Issue 1-1, the frequency error tracking for DPS cannot be verified in HST-SFN and TCI state switch cannot be verified in multi-TRP transmission requirements discussed in eMIMO. Then leads to Option 2c.
Issue 5-7: UE features for HST DPS (move issue 5-7 to be discussed together with issue 1-1 and 1-2)
We prefer Option 1. We don’t think it is necessary to define UE features for HST DPS in the feature list, RAN1 has introduced the related UE features in NR Release 15 UE feature list for UE supporting tracking of different number of active TCI, no needs to repeat the definition of related UE features in RAN4 again.

	CMCC
	Issue 5-7: UE features for HST DPS (move issue 5-7 to be discussed together with issue 1-1 and 1-2)
Option 1. Firstly, it was the agreements in Rel-15 that supporting 1 TCI state is mandatory without capability, and supporting larger than 1 TCI state is mandatory with UE capability. Secondly, it was also agreed in RAN4 in previous meeting that no UE capability signalling will be introduced for DPS 


	vivo
	Issue 1-1: Whether new specific UE receiver processing from demod aspect required compared to UE to handle HST-single Tap and HST-SFN channel model
Whether the frequency error tracking can be verified in HST-SFN
For DPS 1a, in our view, the frequency error tracking capability can be verified by HST-SFN JT. DPS 1a is a simple and feasible scheme and the difference compared to HST-single tap is the large Doppler jump. Although the Doppler frequency tracking for DPS may or may not be different compared to HST-SFN JT, UE supporting HST-SFN JT should be able to deal with this Doppler jump and the performance is not degraded compared to HST-SFN DPS 1a. 
However, HST-SFN JT is different from DPS 1a. Since only one TCI state is configured for all RRHs, the demod algorithm is much more complex than DPS 1a. For example, UE need to estimate multipath from different RRHs with large Doppler spread and then PDCCH detection and PDSCH demodulation is based on this estimated channel. In our understanding, compared to DPS, HST-SFN JT requires big computation load due to the pre-filtering of Doppler spread clusters, and therefore it is not beneficial for UE especially if the gain compared to DPS 1a is limited. Therefore we support DPS 1a to be mandatory without capability and HST-SFN JT to be optional, which may reduce the complexity in UE processing. If DPS 1a does not need any capability but HST-SFN JT need some capability, clearly frequency error tracking cannot be verified by HST-SFN JT. 
For DPS 1b, in our view, the frequency error tracking capability cannot be verified by HST-SFN. Our current understanding of DPS 1b is that it needs UE to support tracking at least 2 TCI-states for PDCCH and PDSCH, which should also be an optional feature in R15. Compared to DPS 1a, DPS 1b can support much more flexible and faster TCI switch based on DCI. For example, network can configure 2 TCI-states for 2 different CORESETs and 2 corresponding search spaces with the same slot periodicity but different slot offsets, so that UE is not expected to receive the PDCCH with different TCI-states simultaneously. In this case, dynamic switch between two TCI-states of PDCCH can be achieved by directly transmitting PDCCH with another TCI. In short, for DPS 1b, UE needs to monitor 2 different CORESETs with different TCI-states in different slot offsets. In this case we cannot say DPS 1b is a much more simple scheme compared to HST-SFN JT, and clearly UE needs to adapt its frequency tracking algorithm to deal with the new situation, which is more likely to be different from DPS 1a and HST-SFN JT.
From demodulation algorithm perspective, DPS 1b is not joint transmission and its complexity is significantly reduced compared to HST-SFN JT. 
Whether TCI state switch can be verified in multi-TRP transmission requirements discussed in eMIMO
In our understanding, the DPS scheme is not covered by R16 eMIMO. R16 eMIMO discussion is more like 2 PDSCHs with different TCI transmitted in the same slot. DPS in our understanding is different from that.
We also acknowledge that the timing requirement of TCI state switch is defined in RRM spec. The impact to demod requirement has not been specified in any RAN4 specification. From demod perspective, as discussed in previous section, the TCI state switch will impact UE Doppler tracking for the HST scenario and therefore it should be considered.

Issue 1-2: Whether to define new requirements and tests for DPS transmission scheme
We support option 2c with the following additional phrase:
If UE passed HST-SFN JT requirements it does not need to be tested in HST-DPS 1a. The capability for HST-SFN JT and HST-DPS 1b are different and UE should apply the requirement according to its supported capability.
 
Issue 5-7: UE features for HST DPS (move issue 5-7 to be discussed together with issue 1-1 and 1-2)
We support option 1 but also OK with option 2 for the capability related to DPS 1b, which can be defined as mandatory with capability for NR HST R16.
In our understanding, 
DPS 1a is the most simple scenario and should be supported without capability. 
DPS 1b is slightly more complex than DPS 1a, but the complexity is reduced compared to HST-SFN JT. We are fine with either optional or mandatory with capability signalling. 
HST-SFN JT may provide network configuration simplicity and less overhead, but it achieve that by the cost of UE complexity and therefore we do NOT think it should be supported as mandatory.

	Ericsson
	Issue 1-1: Whether new specific UE receiver processing from demod aspect required compared to UE to handle HST-single Tap and HST-SFN channel model
For DPS, UE should be able to know when gNB switches the active TCI via MAC-CE or DCI. This mean UE does not need to track the sharp Doppler jump; UE can reset the channel analysis information such as Doppler frequency or delay spread estimation according to the TCI switching indication by gNB. Except the resetting, UE can apply the same frequency tracking as HST single tap scenario. 
On the other hand, for HST-SFN joint transmission, gNB continuously transmits the TRS from all the TRPs. In this case, UE need to track all the signals from all TRPs. 
Regarding TCI switching we have already agreed to define multi-DCI based transmission in HST scenario in RAN4#94-bis-e, and it requires UE to handle two TCI states in high speed scenario, although we have not discussed the Doppler used for this scenario.  
Issue 1-2: Whether to define new requirements and tests for DPS transmission scheme
· Option 1: Do not consider Transmission schemes 1 for defining new requirements.
Issue 5-7: UE features for HST DPS (move issue 5-7 to be discussed together with issue 1-1 and 1-2)
–	Option 1: For HST DPS, no additional UE feature (if RAN4 agree to define)

	Intel
	Issue 1-1: Whether new specific UE receiver processing from demod aspect required compared to UE to handle HST-single Tap and HST-SFN channel model
•	Whether the frequency error tracking can be verified in HST-SFN, companies have different views on the UE implementation. 
In general, we do not agree with Huawei’s view that frequency tracking trajectories in HST-SFN and HST-DPS is totally different. In our understating it depends on concrete UE implementation on frequency tracking and frequency jump can be also observed in HST-SFN but not on all UEs. What is more important in our view, that HST-SFN is an optional UE feature which require advanced receive processing. UE may not support HST-SFN but will support basic DPS. In this case it is important to define HST-DPS requirements to guarantee sufficient test case coverage for HST multi-RRH deployments.   
•	Whether TCI state switch can be verified in multi-TRP transmission requirements discussed in eMIMO, companies have different views.
Same view as Huawei and Vivo, TCI state switching is not considered in eMIMO WI requirements. Moreover, supporting of each Rel-16 eMIMO scheme is a separate UE feature – UE may not support them. 
To Ericsson: RAN4 did not agree to specify HST requirements for eMIMO Tx schemes. The following agreement was made: 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 1-2: Whether to define new requirements and tests for DPS transmission scheme
No strong view between options 2b and 2c. Same time to address concerns from companies which prefer option 1, we see that option 2b can be a compromise solution. Also, option proposed by Vivo is also acceptable for us.
Issue 5-7: UE features for HST DPS (move issue 5-7 to be discussed together with issue 1-1 and 1-2)
We do not think that HST-DPS requires capability signalling since it can be supported by conventional UE receive processing. Therefore, we cannot accept option 3. Regarding option 1 and 2, from our point of view, corresponding UE feature will facilitate clear mapping of the UE features and associated requirements. We do not see any redundancy of introduction additional feature for supporting corresponding requirement. Prefer option 2.



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

	R4-2008820
	WF is agreeable



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

	R4-2006535
	Intel Corporation
	Proposal #1:	Do not consider 0.1 ppm frequency estimation error for max supported Doppler frequency determination and use 870 Hz for 15 kHz SCS test cases.

	R4-2007135
	NTT DOCOMO, INC.
	Proposal 1: Define the HST-SFN requirements under maximum Doppler frequency with 870Hz

	R4-2007235
	Huawei, HiSilicon
	Proposal 1: Consider all 4 paths and tracks the synthesized frequency for HST SFN.
Proposal 2: No need to consider ±0.1ppm UE DL frequency error.
Proposal 3: Define 870Hz as the maximum Doppler shift for 15kHz SCS for SFN scenario.

	R4-2006768
	CMCC
	Proposal 1: for HST-SFN with 15 KHz SCS, the DL maximum Doppler frequency is proposed to be 870Hz.
Proposal 2: for HST single tap with 15 KHz SCS, the DL maximum Doppler frequency is proposed to be 972 Hz.
Proposal 3: Rel.16 HST requirements, including HST single tap and multi-path fading (if HST RRM signaling is not provided in the demodulation test), are release independent from Rel-15. FFS the release independent of HST-SFN based on RAN2 feedback.

	R4-2006612
	Qualcomm Incorporated
	Proposal 1: Do not consider Transmission schemes 1 for defining new requirements.
Proposal 2: Choose one of below options for maximum Doppler frequency for FDD HST-SFN:
	Option 1: Use +/-0.1ppm frequency error margin when determining maximum Doppler frequency for HST-SFN in future. As an exception, use maximum Doppler frequency of 870Hz for FDD 15kHz SCS under HST-SFN scenario.
	Option 2: Use maximum Doppler frequency of 851Hz for FDD 15kHz SCS under HST-SFN scenario.
Proposal 3: Do not test UE under HST single tap and HST multi-path scenarios, if UE passes the requirements for HST-SFN.

	R4-2007921
	Ericsson
	CR In this contribution we provide the FRCs for the new Rel-16 HST test cases



Open issues summary
Maximum doppler frequency for HST-SFN
Agreements in RAN4#94e Bis meeting:
· Maximum Doppler frequency
· For TDD 30 KHz SCS, 500km/h 
· 1667Hz
· larger implementation margin of 1 dB instead of 0.5dB being added on top of average impairment simulation results
· For FDD 15 KHz SCS, 500km/h 
· Option 1 (Qualcomm): 851Hz
· Option 2 (CMCC, Intel, Huawei, DoCoMo) : 870Hz

Issue 2-1: Maximum Doppler frequency for 15KHz 500km/h 
· Proposals
· Option 1 (Qualcomm): 851Hz
· Option 2 (CMCC, Intel, Huawei, DOCOMO): 870Hz
· Option 3 (Qualcomm): Use +/-0.1ppm frequency error margin when determining maximum Doppler frequency for HST-SFN in future. As an exception, use maximum Doppler frequency of 870Hz for FDD 15kHz SCS under HST-SFN scenario.
· Recommended WF
· 4 companies discuss issue 2-1, it seems that all companies can accept 870Hz. One company propose to agree on using +/-0.1ppm frequency error margin when determining maximum Doppler frequency for HST-SFN in future. Moderator feels it is difficult to presuppose some condition for future study. 
· Moderator suggests companies please check whether the following WF is acceptable. 
· For FDD 15 KHz SCS, 500km/h: 870Hz
· larger implementation margin of 1 dB instead of 0.5dB being added on top of average impairment simulation results

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

	Intel
	 Issue 2-1: Maximum Doppler frequency for 15KHz 500km/h 
To move forward we agree with moderator suggestion.


	Huawei
	 Issue 2-1: Maximum Doppler frequency for 15KHz 500km/h
We are OK with the recommended WF, similar as TDD for HST-SFN.

	Qualcomm
	Issue 2-1: In this case, difference between 870Hz and 851Hz (derived based on 0.1ppm margin) is very small. We think that if we assume Doppler spread based on two strongest tap, then 870Hz can also satisfy this 0.1ppm margin. So, we are ok with recommended WF. However, we would also like to add a note saying “No conclusion on whether to use +/-0.1ppm frequency error margin when determining maximum Doppler frequency for HST-SFN.”

	CMCC
	Issue 2-1: Maximum Doppler frequency for 15KHz 500km/h
We are OK with the recommended WF.

	docomo
	Issue 2-1: Maximum Doppler frequency for 15KHz 500km/h
We are OK with the recommended WF.


 
CRs/TPs comments collection
	CR tdoc number
	Comments collection

	R4-2007921
Ericsson
	CMCC: In this CR, only RANK 1 is considered, while for HST-SFN, it was agreed that RANK 2 is adopted

	
	Ericsson: to CMCC We will add rank 2 for HST-SFN FRC. Uploaded draftCR in drafts folder. Also small correction to number of code blocks per slot for TDD MCS 17 rank 1 FRC (4->5).

	
	Qualcomm: Based on our calculations, TDD MCS17 Rank1 should have TBS size of 33816. Also, thpt for MCS13 Rank1 and MCS17 Rank1 should be 34.571 and 47.957 Mbps, respectively. Can you please double check the calculations?


s
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 15KHz 500km/h 

	5 companies discuss issue 2-1 and support the recommended WF from moderator
•	For FDD 15 KHz SCS, 500km/h: 870Hz
· larger implementation margin of 1 dB instead of 0.5dB being added on top of average impairment simulation results
1 company suggests to add 1 more sentence as following: 
· No conclusion on whether to use +/-0.1ppm frequency error margin when determining maximum Doppler frequency for HST-SFN
Tentative agreements:
•	For FDD 15 KHz SCS, 500km/h: 870Hz
· larger implementation margin of 1 dB instead of 0.5dB being added on top of average impairment simulation results
· No conclusion on whether to use +/-0.1ppm frequency error margin when determining maximum Doppler frequency for HST-SFN



	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	R4-2007921
	To be revised.



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
0. Open issues 
	Company
	Comments

	Ericsson
	Draft CR with updated FRCs based on feedback from CMCC and QC uploaded in drafts folder. File named “draft CR - R4-2008819”



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

	R4-2008819
	Comments in 1st round are addressed in the revised CR. No comments received before deadline. The CR is agreeable.



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

	R4-2006536
	Intel Corporation
	Proposal #1:	For 15 kHz SCS test case align UE and BS conditions (use 870 Hz max Doppler frequency) or choose the highest Doppler frequency which can be handled by UE (1667 Hz) for requirements definition.
Proposal #2:	Provide HST RRM signalling during the demodulation test as additional indication of HST conditions.
Proposal #3:	Ask RAN2 to rename NR HST RRM enhancement network assistance signalling to more generic form.

	R4-2007136
	NTT DOCOMO, INC.
	Observation 1: In terms of maximum Doppler frequency which can be compensated by agreed TRS configuration, all the options are acceptable
Proposal 1: Define the HST single-tap requirements under maximum Doppler frequency with Option 1(1250 Hz) or Option 3 (972Hz)
Proposal 2: Do not provide signalling during the HST single tap demodulation test

	R4-2007236
	Huawei, HiSilicon
	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 1: Do not provide signalling during the HST single tap demodulation test
Proposal 2: Define 870Hz as the maximum Doppler for single-tap scenario but 972Hz is also OK for us.

	R4-2006768
	CMCC
	Proposal 1: for HST-SFN with 15 KHz SCS, the DL maximum Doppler frequency is proposed to be 870Hz.
Proposal 2: for HST single tap with 15 KHz SCS, the DL maximum Doppler frequency is proposed to be 972 Hz.
Proposal 3: Rel.16 HST requirements, including HST single tap and multi-path fading (if HST RRM signaling is not provided in the demodulation test), are release independent from Rel-15. FFS the release independent of HST-SFN based on RAN2 feedback.

	R4-2007383
	Ericsson
	Proposal: Do not configure highSpeedEnhMeasFlagforNR-r16 during the HST single tap test.

	R4-2007923
	Ericsson
	Observation 1: FDD 15kHz SCS at 1250Hz doppler does not degrade demodulation performance compared to 875Hz doppler or 972Hz doppler.
Proposal 1: We suggest setting 1250Hz doppler for FDD but can compromise to 972Hz.



Open issues summary
Maximum doppler frequency for HST single tap
Agreements in RAN4#94e Bis meeting:
· Maximum Doppler frequency
· For 15KHz SCS, 500km/h 
· Option 1 (CMCC, Qualcomm, Ericsson, DOCOMO): 1250Hz
· Option 2 (Samsung, Intel, Huawei, vivo): 870Hz
· Option 3 (CMCC, HW, Ericsson, DOCOMO): 972Hz

Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h 
· Proposals
· Option 1 (Ericsson, DOCOMO): 1250Hz (Doppler frequency corresponding to the existing FDD band n7)
· Option 2 (Intel, Huawei): 870Hz (Align UE and BS doppler frequency)
· Option 3 (Huawei, CMCC, Ericssons, DOCOMO): 972Hz  (Same as LTE HST 500km/h doppler frequency)
· Option 4 (Intel): 1667Hz (Max handled frequency on UE side)
· 
· Recommended WF
· 5 companies discuss issue 3-1, 4 companies support 972Hz
· Moderator suggests companies to check whether 972Hz is acceptable.
Single tap requirements definition
Agreements in RAN4#94e Bis meeting:
· HST single tap requirements definition
· Do not mandate the specific TRS processing for requirement definition and left it up to company decision 
· 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.
Issue 3-2:  The assumption of HST single tap requirements
· Proposals
· Option 1 (Huawei, Ericsson, DOCOMO): Do not provide signalling during the HST single tap demodulation test
· Option 2 (Intel): Provide HST RRM signalling during the demodulation test as additional indication of HST conditions.
· Recommended WF
· 4 companies discuss issue 3-2, 3 of them propose to not provide signalling during the HST single tap demodulation test, 1 of them propose to provide the signalling. The same discussion happened also in previous meetings. 
· Moderator suggests companies to check whether option1 is acceptable.
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Intel
	Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h 
We do not see technical reasons to reuse LTE requirements. In LTE this value was derived without detail analysis just not to less than for LTE HST-SFN. Same time now RAN4 has enough time to choose most appropriate value from performance and technical aspects.
Regarding option 1 we see some possible problems in future. We cannot guarantee that new FDD bands with higher carrier frequency will not be introduced. In this case we have chance that logic to define requirements for FDD band with a highest carrier frequency will be outdated.
Option 2 looks like more reasonable from system design perspective. Also, we do not see any problems that for LTE higher Doppler frequency is considered since the different principles underlie these values. Moreover, LTE and NR have different tracking capabilities.
From performance perspective we can choose option 4 since it indicates NR frequency tracking limitations. 
Prefer option 2 or option 4.  
Issue 3-2:  The assumption of HST single tap requirements
Based on our evaluations some possible UE frequency tracking strategies lead to performance degradation in HST Single tap conditions. To provide reliable performance UE implementation may assume switching from baseline tracking to more optimal for HST Single tap conditions. One of the possible options to trigger it is presence of HST RRM network assistance signalling without HST-SFN network assistance signalling. In general, other options also might be used.
We propose to configure HST RRM signalling during the demodulation test case to reflect real field conditions. UE may use this signalling or may not – it is up to UE implementation. If we will not provide this additional assistance it will restrict some possible UEs behaviours during the test. Also, we would note that this signaling does not preclude release independent requirements introduction since it does not mandate specific UE processing and Rel-15 UEs may skip it if their implementation do not assume using of HST RRM signaling for demodulation purposes.
To Huawei, we do not understand how UE can know which scenario it is in during the test. Can company provide more details on it? Also, in LTE we did not see such problems since CRS are transmitted in every subframe and there is no residual error. However, TRS are transmitted with some periodicity and residual error is accumulated between TRS Rx occasions.

To Ericsson, we understand the main RRM intention of the corresponding network assistance. Same time we do not agree with logic that this signaling will not be configured, since DRX mode is a typical configuration. Network will always keep HST RRM signaling in broadcast manner in HST cells.   
We still prefer option 2.  

	Huawei
	Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h
For the Doppler greater than 870Hz, we don’t think it is reasonable since the performance can’t be ensured in the practical system even if such high Doppler frequency is tested in test house. The bottleneck of the max Doppler shift comes from the BS frequency tracking capability for NR HST system.
Some companies say that DL and UL has different frequency for FDD, but the maximum Doppler is based on the highest frequency in the selected band.
Also, the UE frequency tracking capability in LTE is better than that in NR since that:
· The minimum interval symbol for tracking is 3 in LTE using CRS and 4 in NR using TRS.
· The typical period of TRS in NR is 10ms while CRS which exists in each slot is used in LTE.
However, as a compromise for the sake of progress, we can accept 972Hz which is the same as LTE. 
Issue 3-2:  The assumption of HST single tap requirements
We prefer Option 1.
Single-tap and multi-path are targeting for normal public network, UEs with both low and high mobility exist in the network, network cannot distinguish the specific channel model of single-tap or multi-path, low or high mobility, it maybe cause confusion to UE if network always broadcast this signalling in the public network.
From our understanding, single-tap should be mandatory for Release 16 UE, if additional Rel-16 RRM signalling is configured, it will make the single-tap requirements is optional for Rel-16 UE.
It is confusing for UE not use such signalling during the test, because RAN4/RAN5 only configure necessary test parameters for each specific test cases.

	Ericsson
	Issue 3-1:
Option 3 is acceptable to us.
Issue 3-2:
Support the moderators WF. We support option 1. 
We should not extend the original purpose of HST RRM signalling without the discussion in the RRM session. 

	Qualcomm
	Issue 3-1: Maximum carrier frequency for FDD bands in FR1 is 2690 MHz. So, Option 4 is not feasible for FDD. Any of the other options are ok with us as long as we have an applicability rule between HST single tap and HST-SFN, similar to LTE.
Issue 3-2: Ok with Option 1.

	CMCC
	Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h
Our preference is option 1, to move forward, we can accept option 3. In the previous discussion, companies provide concern on the doppler shift of 1250Hz, one concern is that maximum doppler shift of 1250Hz or larger may increase complexity in UE implementation. Considering that in Rel-16 LTE HST WI, the maximum doppler shift for HST single tap is 972Hz, it is expected that NR performance is not worse than that of LTE. Taking this into account, as a compromise, we can accept 972Hz.
Issue 3-2:  The assumption of HST single tap requirements
Option 1. In last meeting, for HST single tap requirements definition, it was agreed that do not mandate the specific TRS processing for requirement definition and left it up to company decision, which is enough to specify the requirements, there is no need to provide signalling. 

	docomo
	Issue 3-1:
972Hz is acceptable for us.
Issue 3-2: 
We prefer Option 1.


 

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 
	o	Option 1 : 1250Hz (Doppler frequency corresponding to the existing FDD band n7)
o	Option 2 (Intel): 870Hz (Align UE and BS doppler frequency)
o	Option 3 (Huawei, CMCC, Ericsson, DOCOMO, Qualcomm): 972Hz  (Same as LTE HST 500km/h doppler frequency)
o	Option 4 (Intel): 1667Hz (Max handled frequency on UE side)
6 companies discuss issue 3-1. 5 companies are OK with option3. 1 company think option 4 is not feasible considering maximum carrier frequency for FDD bands in FR1 is 2690 MHz.
Recommendations for 2nd round:
Further discuss the following 2 options. Suggest  making decision in this meeting. Compromise is appreciated. 
· Option 1: 870Hz
· Option 2: 972Hz

	Issue 3-2:  The assumption of HST single tap requirements

	o	Option 1 (Huawei, Ericsson, DOCOMO, CMCC, Qualcomm): Do not provide signalling during the HST single tap demodulation test
o	Option 2 (Intel): Provide HST RRM signalling during the demodulation test as additional indication of HST conditions.
6 companies discuss issue 3-2, and companies’ views are not changed compared to last meeting. It seems the company supporting option 2 also mentions that depending on UE implementation, UE may or may not use the HST RRM signalling for demodulation purposes. But network cannot distinguish different UE implementations, so network will need to assume that UE always need the RRM signalling for HST single tap demodulation.  
Recommendations for 2nd round:
Further discuss the following 2 options. Suggest  making decision in this meeting. Compromise is appreciated. 
o	Option 1 : Do not provide signalling during the HST single tap demodulation test
o	Option 2: Provide HST RRM signalling during the demodulation test as additional indication of HST conditions.



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
Recommendations for 2nd round:
Further discuss the following 2 options. Suggest  making decision in this meeting. Compromise is appreciated. 
•	Option 1: 870Hz
•	Option 2: 972Hz
Issue 3-2:  The assumption of HST single tap requirements
Recommendations for 2nd round:
Further discuss the following 2 options. Suggest making decision in this meeting. Compromise is appreciated. 
o	Option 1 : Do not provide signalling during the HST single tap demodulation test
o	Option 2: Provide HST RRM signalling during the demodulation test as additional indication of HST conditions.
0. Open issues 
	Company
	Comments

	Huawei
	Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h
We prefer 870Hz but can compromise to 972Hz.
Issue 3-2:  The assumption of HST single tap requirements
We prefer Option 1. As we mentioned in 1st round, single-tap and multi-path are targeting for normal public network, both low and high mobility UEs exist in the network. Network cannot distinguish the specific channel model of single-tap or multi-path, low or high mobility, it maybe cause confusion to UE if network always broadcast this signalling in the public network.
Also as agreements Issue 5-5 reached in 1st round “For HST single tap requirements, no capability signalling will be introduced (last meeting agreement), and the requirements is mandatory.”, single-tap is mandatory for Release 16 UE, if additional Rel-16 RRM signalling is configured, it will make the single-tap requirements optional for Rel-16 UE that is conflict with the agreement.

	CMCC
	Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h
Option 2.
Issue 3-2:  The assumption of HST single tap requirements
Option 1. 

	Ericsson
	Issue 3-2:  The assumption of HST single tap requirements
Option 1. 
As we discussed in our paper, RAN4 has already agreed PDSCH HST single tap demodulation requirements are based on the worst case and it is up to UE implementation what TRS processing method is used, e.g., single-shot or multi-shot. If company thinks multi-shot based TRS processing is the worst case, the company provides the simulation result based on multi-shot TRS processing. Based on the summary of results RAN4 define the demodulation requirements. Since RAN4 specifies the minimum requirements, it is up to UE implementation how to optimize the TRS processing with their chipset, for example, UE can use HST RRM signalling if configured. 
However RAN4 TS38.101-4 should avoid to configure the RRM HST signalling during the HST single tap demodulation test, because it is different from the original agreements discussed in RRM session. 

	Intel
	Issue 3-1: Maximum Doppler frequency for 15KHz 500km/h
Option 1.
Issue 3-2:  The assumption of HST single tap requirements
To Huawei: As we analysed in our paper, UE always have delay spread characteristic in demodulation “engine” to apply filtering of a channel estimation. Delay spread characteristic allows to distinguish between multi-path and single-tap conditions. Also, it is reasonable to assume that network is rather smart and configures HST signalling only in a HST cells. We do not think that low mobility UEs can exist in HST environments when target speed can be up to 500 km/h. In total, UE can distinguish between multi-path fading and single-tap conditions by its own and provided HST RRM signalling can indicate that it is HST cell. In result, UE can optimize its processing if its implementation assumes such adjustment for HST Single tap cells. 
Providing of HST RRM signalling during the demodulation test case does not conflict with mandatory requirements introduction since it does not impose specific UE receive processing. If UE implementation cannot use it for demodulation purpose it can skip it. 
To Ericsson: We are not saying that multi-shot processing is a worst case. We just observed that UE with such baseline processing will suffer from performance degradation in HST Single tap conditions. It is obviously up to UE implementation how to optimize its processing but one of the possible simple solution is rely on HST RRM signalling which will be provided in a real field. To test such UEs in their baseline implementation (with frequency tracking optimization by HST RRM signalling) it is necessary to reflect real field conditions in demod test e.g. provide HST RRM signalling.
As we mentioned, we do not see drawbacks of providing HST RRM signalling during the demodulation test cases. Other companies also did not provide them. Prefer Option 2.




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

	R4-2006537
	Intel Corporation
		
	Alignment results
	Impairment results

	
	2 Rx
	4 Rx
	2 Rx
	4Rx

	FDD
	4.9
	2.1
	6.9
	4.1

	TDD
	7.2
	3.8
	9.2
	5.8




	R4-2007237
	Huawei, HiSilicon
		[bookmark: OLE_LINK10]Case Number
	Antenna configuration
	CHBW/SCS
	maximum Doppler shift(Hz)
	SNR@70% Max TP

	1
	2x2
	10MHz/15kHz
	600
	6.70

	2
	2x4
	10MHz/15kHz
	600
	2.94

	3
	2x2
	40MHz/30kHz
	1200
	7.60

	4
	2x4
	40MHz/30kHz
	1200
	3.54




	R4-2007922
	Ericsson
		Test
	BW / SCS
Max Doppler
	Antennas
	SNR
 @ 70% 
maximum 
Throughput

	1
	10MHz / 15kHz
600Hz
	2Tx2Rx
	6.22

	2
	
	2Tx4Rx
	2.70

	Test
	BW / SCS
Max Doppler
	Antennas
	SNR 
@ 70% 
maximum 
Throughput

	1
	40MHz / 30kHz
1200Hz
	2Tx2Rx
	7.03

	2
	
	2Tx4Rx
	3.5






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

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

	Ericsson
	
Multi-path HST Impairment results:
	Impairment results
	2Rx
	4Rx

	FDD
	7.22
	3.7

	TDD
	8.03
	4.5




	Qualcomm
	Simulation Results:
	Test
	Alignment results
	Impairment results

	FDD 2Rx
	6.68
	8.68

	FDD 4Rx
	3.07
	5.07

	TDD 2Rx
	7.09
	9.09

	TDD 4Rx
	3.39
	5.39





 

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 

	
	Thanks for companies providing the simulation results. Moderator will suggests a Tdoc for simulation results summary.



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
2. Open issues 
	Company
	Comments

	
	



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

	R4-2009052 
	Summary of ideal and impairment results for NR HST demodulation requirements
Simulation results summary can be noted



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

	R4-2006538
	Intel Corporation
	Proposal #1:	Do not define any applicability rule between HST-SFN, HST single tap and HST multi-path fading performance test cases.
Proposal #2:	Define applicability rules between Rel-15 and Rel-16 HST single tap and HST multi-path fading performance test cases.
Proposal #3:	Introduce separate UE features for HST Single tap and HST multi-path fading requirements.

	R4-2006768
	CMCC
	Proposal 1: for HST-SFN with 15 KHz SCS, the DL maximum Doppler frequency is proposed to be 870Hz.
Proposal 2: for HST single tap with 15 KHz SCS, the DL maximum Doppler frequency is proposed to be 972 Hz.
Proposal 3: Rel.16 HST requirements, including HST single tap and multi-path fading (if HST RRM signaling is not provided in the demodulation test), are release independent from Rel-15. FFS the release independent of HST-SFN based on RAN2 feedback.

	R4-2007137
	NTT DOCOMO, INC.
	Proposal 1: Do not define any applicability rule between HST-SFN, HST single-tap, and HST multi-path fading
Proposal 2: Skip Rel-15 HST single tap if UE passes the Rel-16 HST single tap case
Proposal 3: Do not define the applicability rules between Rel-15 HST fading case with TDLB100-400 and Rel-16 HST fading case with TDLC300-600/TDLC300-1200

	R4-2007234
	Huawei, HiSilicon
	Proposal 1: Do not test UE under HST single-tap, if UE passes the requirements for HST-SFN.
Proposal 2: UE can skip Rel-15 HST single tap test if UE has passed the Rel-16 HST single tap case.
Proposal 3: UE can skip NR Rel-15 fading cases with TDLC300-100 and test metric of 70% max throughput if UE passes the Rel-16 HST fading case with TDLC300-600/TDLC300-1200.
Proposal 4: Agree Rel-16 HST single-tap requirements as mandatory. No need to introduce feature list for HST fading channel and HST single-tap.

	R4-2006612
	Qualcomm Incorporated
	Proposal 1: Do not consider Transmission schemes 1 for defining new requirements.
Proposal 2: Choose one of below options for maximum Doppler frequency for FDD HST-SFN:
	Option 1: Use +/-0.1ppm frequency error margin when determining maximum Doppler frequency for HST-SFN in future. As an exception, use maximum Doppler frequency of 870Hz for FDD 15kHz SCS under HST-SFN scenario.
	Option 2: Use maximum Doppler frequency of 851Hz for FDD 15kHz SCS under HST-SFN scenario.
Proposal 3: Do not test UE under HST single tap and HST multi-path scenarios, if UE passes the requirements for HST-SFN.

	R4-2007384
	Ericsson
	Proposal 1: 
•	Rel-16 HST-SFN test is applicable for Rel-16 UE capable of DemodulationEnhancementforNR
•	Rel-16 HST single tap test is applicable for Rel-16 UE.
•	Rel-15 HST single tap test is not applicable for UE that passes Rel-16 HST single tap test.
Proposal 2:
•	Rel-15 multi-path fading with TDLB100-400 is not applicable for UE that passes Rel-16 multi-path fading tests (TDLC300-600 for FDD and TDLC300-1200 for TDD).
Proposal 3: No RAN4 UE performance features are introduced for Rel-16 HST single tap and Rel-16 HST multi path fading tests.
Proposal 4: Rel-16 HST single tap tests and Rel-16 multi-path fading tests are mandatory for Rel-16 UEs. 
Proposal 5: RAN4 wait for the LS response from RAN2 to decide whether Rel-16 HST-SFN requirement is released independent from Rel-15 or not.
Proposal 6: If Rel-16 HST single tap test is defined as release independent from Rel-15, this requirement should be optional for Rel-15 UEs. 
Proposal 7: If Rel-16 HST multi-path fading test is defined as release independent from Rel-15, this requirement should be optional for Rel-15 UEs.

	R4-2007274
	vivo
	Proposal 1: From perspective of UE receiver processing, test of HST-SFN DPS cannot be covered by either HST single tap or HST-SFN JT.
Proposal 2: Define new test case for DPS, and further discuss the details of test setup and side conditions for the test.
Proposal 3 For HST-SFN DPS, no additional UE feature is needed.
Proposal 4 For HST-SFN JT, the related UE feature should be optional in NR.



Open issues summary
2. Release independent issue
Agreements in RAN4#94e Bis meeting:
· Whether Rel.16 HST requirements can be release independent from Rel-15 
· 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
· Further study whether HST-SFN tests can be release independent from Rel-15
· send LS to RAN2 to check ‘early implementation approach is also applicable for NR

Issue 5-1: Release independent requirements for HST single tap and multi-path fading
· Proposals
· Option 1(CMCC): Rel.16 HST requirements, including HST single tap and multi-path fading (if HST RRM signaling is not provided in the demodulation test), are release independent from Rel-15. FFS the release independent of HST-SFN based on RAN2 feedback.
· Option 2 (Ericsson): 
· If Rel-16 HST single tap test is defined as release independent from Rel-15, this requirement should be optional for Rel-15 UEs.
· If Rel-16 HST multi-path fading test is defined as release independent from Rel-15, this requirement should be optional for Rel-15 UEs. 
· Recommended WF
· It was already agreed in last meeting that HST multi-path fading and HST single tap (if HST RRM signalling is not provided in the demodulation test) can be release independent from Rel-15.
· Companies please check whether the following WF is acceptable.
· Rel.16 HST requirements, including HST single tap and multi-path fading (if HST RRM signaling is not provided in the demodulation test), are release independent from Rel-15.
· The requirements for Rel-16 HST single tap and multi-path fading test are optional for Rel-15 UEs.
 
Issue 5-2: Release independent requirements for HST-SFN
· Proposals
· Option 1 (Ericsson): RAN4 wait for the LS response from RAN2 to decide whether Rel-16 HST-SFN requirement is released independent from Rel-15 or not.
· Recommended WF
· Option 1

2. Test applicability
Agreements in RAN4#94e Bis meeting:
· FFS the applicability rule between HST-SFN, HST single tap and HST multi-path fading performance test cases 
· FFS whether to define to Applicability rule between different Doppler frequencies for the same channel model

Issue 5-3: Test applicability between HST-SFN, HST single tap and HST multi-path fading performance test cases
· 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 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
· 4 companies discuss issue 5-3, companies’ views are quite diverse. More discussion is needed.

Issue 5-4: Test applicability between different Doppler frequencies for the same channel model
· Proposals
· Option 1 (Intel):
· Define applicability rules between Rel-15 and Rel-16 HST single tap and HST multi-path fading performance test cases.
· Option 2 (Huawei): 
· UE can skip NR Rel-15 fading cases with TDLC300-100 and test metric of 70% max throughput if UE passes the Rel-16 HST fading case with TDLC300-600/TDLC300-1200.
· UE can skip Rel-15 HST single tap test if UE has passed the Rel-16 HST single tap case.
· Option 2 ( Ericsson): 
· Rel-15 multi-path fading with TDLB100-400 is not applicable for UE that passes Rel-16 multi-path fading tests (TDLC300-600 for FDD and TDLC300-1200 for TDD).
· Rel-15 HST single tap test is not applicable for UE that passes Rel-16 HST single tap test.
· Option 2 (DOCOMO): 
· Do not define the applicability rules between Rel-15 HST fading case with TDLB100-400 and Rel-16 HST fading case with TDLC300-600/TDLC300-1200
· Skip Rel-15 HST single tap if UE passes the Rel-16 HST single tap case
· Recommended WF
· For HST single tap: UE can skip Rel-15 HST single tap test if UE has passed the Rel-16 HST single tap case.
· For HST fading case: More discussion is needed.
· Option 1: UE can skip NR Rel-15 fading cases with TDLC300-100 and test metric of 70% max throughput if UE passes the Rel-16 HST fading case with TDLC300-600/TDLC300-1200.
· Option 2: Rel-15 multi-path fading with TDLB100-400 is not applicable for UE that passes Rel-16 multi-path fading tests (TDLC300-600 for FDD and TDLC300-1200 for TDD).
· Option 3: Do not define the applicability rules between Rel-15 HST fading case with TDLB100-400 and Rel-16 HST fading case with TDLC300-600/TDLC300-1200

2. UE features/capabilitlies
Agreements in RAN4#94e Bis meeting:
· For HST-SFN
· 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) 
· For HST fading channel requirements, take it as mandatory requirements for Rel-16 and no capability signaling will be introduced. 
· For HST single Tap channel demodulation requirements, no capability signaling will be introduced 
· FFS whether requirements will be mandatory or optional 
· Further discuss whether feature list will be introduced for HST fading channel, and HST single Tap 

Issue 5-5: UE features/capabilities for HST single tap and HST multi-path fading 
· Proposals
· Option 1 (Intel): Introduce separate UE features for HST Single tap and HST multi-path fading requirements.
· Optional without capability signalling for HST single tap
· Mandatory for multi-path fading 
· Option 2 (Huawei): Agree Rel-16 HST single-tap requirements as mandatory. No need to introduce feature list for HST fading channel and HST single-tap.
· Option 3 (Ericsson): 
· No RAN4 UE performance features are introduced for Rel-16 HST single tap and Rel-16 HST multi path fading tests.
· Rel-16 HST single tap tests and Rel-16 multi-path fading tests are mandatory for Rel-16 UEs.
· Recommended WF
· It was already agreed in last meeting that HST fading channel requirements is mandatory for Rel-16.
· For HST single tap requirements, it was agreed that no capability signalling will be introduced. More discussion is needed on whether it is optional or mandatory.
· Option 1: optional 
· Option 2: mandatory 

Issue 5-6: UE features for HST single tap and HST multi-path fading 
· Proposals
· Option 1 (Intel): Introduce separate UE features for HST Single tap and HST multi-path fading requirements.
· Option 2 (Huawei, Ericsson): No need to introduce feature list for HST fading channel and HST single-tap.
· Recommended WF
· More discussion is needed.

Issue 5-6: UE features for HST-SFN 
· Proposals
· Option 1 (vivo): 
· For HST-SFN DPS, no additional UE feature is needed.
· For HST-SFN JT, the related UE feature should be optional in NR.
· Recommended WF
· For HST-SFN DPS, no additional UE feature is needed
· For HST-SFN JT, suggests discussing in “UE feature list” email discussion.

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

	Intel
	Issue 5-1: Release independent requirements for HST single tap and multi-path fading
Providing of HST RRM signalling during the demodulation test case does not restrict introduction of release independent requirements. This signalling does not mandate specific UE processing and Rel-15 UEs may skip it if their implementation do not assume using of it. 
In this case we agree with moderator suggestion but with removing condition “if..” in square brackets.
Rel.16 HST requirements, including HST single tap and multi-path fading, are release independent from Rel-15.
· The requirements for Rel-16 HST single tap and multi-path fading test are optional for Rel-15 UEs
Issue 5-2: Release independent requirements for HST-SFN
Agree with option 1.
Issue 5-3: Test applicability between HST-SFN, HST single tap and HST multi-path fading performance test cases
In HST-SFN scenario UE is not verified on accurate Doppler spread estimation which is essential to provide reliable performance in HST multi-path fading conditions. Also, in HST-SFN scenario UE is not verified on accurate Doppler frequency tracking when it quickly changes. 
We do not agree with observation provided by Huawei that residual error is higher in HST-SFN. It is not reasonable to compare residual error in HST Single tap and HST-SFN since the power of each tap changes from rather negligible to ~1. If we compare only residual error on the strongest tap per time occasion, we will observe that max residual error is much higher in HST Single tap even with optimal frequency tracking (single-shot). In this case HST-SFN cannot cover HST Single tap performance.
Prefer option 1.
Issue 5-4: Test applicability between different Doppler frequencies for the same channel model
Agree with recommended WF regarding HST Single tap. 
Regarding HST multi-path fading, in our understating, the propagation conditions for this test should be configured with much higher Doppler spread compare to baseline Rel-15 test cases. We do not see any problems to skip test case with dynamic TDD configuration if high Doppler spread is used in this test. We prefer option 2 and as compromise agree on option 3. 
Issue 5-6: UE features for HST single tap and HST multi-path fading 
In our understanding introduction of corresponding features will improve the RAN4 specification transparency and facilitate clear mapping of the UE features and associated requirements. Can companies provide their concerns regarding this issue? At this stage do not understand motivation to not introduce such features. Are there any drawbacks of this?   
Issue 5-6: UE features for HST-SFN 
We agree that additional capability signalling is not needed for HST-SFN DPS.  Same time we propose to define corresponding feature as we propose for HST Single tap and HST multi-path fading.

	Huawei
	Issue 5-1: Release independent requirements for HST single tap and multi-path fading
We are OK with the recommended WF.
Issue 5-2: Release independent requirements for HST-SFN
We are OK with the recommended WF.
Issue 5-3: Test applicability between HST-SFN, HST single tap and HST multi-path fading performance test cases
We prefer Option 2. Do not test UE under HST single-tap, if UE passes the requirements for HST-SFN, similar as LTE.
Demodulation performance is more affected by the residual frequency which can be seen by baseband rather than the maximum Doppler. For single-tap, residual frequency can be limited near to zero at most of the time, and only can be large when UE is passing the RRUs. For SFN, UE suffers 4 paths received from 4 RRUs with higher residual frequency all the time, therefore, handling SFN scenario is more challenge compared to handling single-tap scenario for UE, the specific residual frequency error for single-tap and HST SFN as shown below from our evaluations, we can know that HST-SFN has much higher residual frequency error than single-tap.
[image: ]
UE cannot “follow strongest” path, because UE is only configured with the same TCI state received from 4 RRUs for SFN, it is the combined channel from UE point of view and UE can’t distinguish the Doppler from each RRU. Such strategy is too ideal to describe practical UE frequency tracking behaviour, we should not analyse the Doppler shift characters for HST SFN based on such assumption. 

Issue 5-4: Test applicability between different Doppler frequencies for the same channel model
For HST single tap, we agree with the recommended WF.
For HST fading case, we are ok for both Option 1 and Option 2.
For Option 1: since these cases have the similar test configurations except the lower Doppler frequency. If UE passes the Rel-16 HST fading case with TDLC300-600/TDLC300-1200, UE can skip the following cases in Table 5.2.2.1.1-3, Table 5.2.2.2.1-3, Table 5.2.3.1.1-3, Table 5.2.3.2.1-3 in TS 38.101-4:
FDD
	Test num.
	Reference channel
	Bandwidth (MHz) / SCS (kHz)
	Modulation format and code rate
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-2
	R.PDSCH.1-1.2 FDD
	10 / 15
	QPSK, 0.30
	TDLC300-100
	2x2, ULA Low
	70
	0.2

	1-2
	R.PDSCH.1-1.2 FDD
	10 / 15
	QPSK, 0.30
	TDLC300-100
	2x4, ULA Low
	70
	-2.9


TDD
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	1-2
	R.PDSCH.2-1.2 TDD
	40 / 30
	QPSK, 0.30
	FR1.30-1
	TDLC300-100
	2x2, ULA Low
	70
	0.2

	1-2
	R.PDSCH.2-1.2 TDD
	40 / 30
	QPSK, 0.30
	FR1.30-1
	TDLC300-100
	2x4, ULA Low
	70
	-2.7



If companies think that no problem to skip the Rel-15 test cases for dynamic TDD configurations or other TDD configuration, we are also fine for Option 2. 
Issue 5-5: UE features/capabilities for HST single tap and HST multi-path fading
We prefer Option 2, i.e. agree Rel-16 HST single-tap requirements as mandatory.
As discussed in Issue 3-2, we do not think that it is necessary to introduce HST RRM signaling for HST single tap demodulation requirements, HST single tap should be mandatory for UE to support, also it is mandatory to support in LTE. In such case, both HST fading channel and HST single tap channel related requirements are mandatory without UE capability signaling, no feature list need to be introduced.
Issue 5-6: UE features for HST single tap and HST multi-path fading
We prefer Option 2, i.e. no need to introduce feature list for HST fading channel and HST single-tap, same as LTE.
Requirements for HST single tap and HST multi-path fading are mandatory for UE to support considering no special implementation, no meaning to introduce related UE features.  
For introduction of additional UE features/capabilities associated with corresponding requirements, it is general issue for all Rel-16 WI raised by Intel, we are wondering it should be discussed in the UE feature list or separately in each WI. 
Issue 5-7: UE features for HST-SFN
We are OK with the recommended WF.

	Ericsson
	Issue 5-1:
Support the recommended WF.
Issue 5-2:
Support the recommended WF.
Issue 5-3:
We think the applicability rule should be discussed together with release independent issues.  
For Huawei, you propose “UE can skip Rel-15 HST single tap test if UE has passed the Rel-16 HST single tap case”. If “Do not test UE under HST single-tap, if UE passes the requirements for HST-SFN.”, the UE should test for Rel-15 single tap or can skip Rel-15 single tap? 
Issue 5-4:
For single tap, we support ‘UE can skip Rel-15 HST single tap test if UE has passed the Rel-16 HST single tap case.’
For multi-path fading case, we would like to revise Option 2 as follows: 
Rel-15 multi-path fading with TDLB100-400 (Table 5.2.2.1.1-3 Test 1-1 and Table 5.2.3.1.1-3 Test 1-1) is not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-600 for FDD
Rel-15 multi-path fading with TDLB100-400 (Table 5.2.2.2.1-3 Test 1-1 and Table 5.2.3.2.1-3 Test 1-1) is not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-1200 for TDD.
(We want to keep Table 5.2.2.2.1-3 Tests 1-8/1-9 and Table 5.2.3.2.1-3 Tests 1-8/1-9 for TDD because of different TDD UL/DL configuration pattern)

Issue 5-5:
Option 2 (mandatory)

Issue 5-6 UE features for HST single tap and HST multi-path fading:
Option 2.
Issue 5-6: UE features for HST-SFN 
For HST-SFN, RAN4 has already agreed to introduce the UE capability signalling for advanced receiver to support HST-SFN JT transmission. We don’t think RAN4 need to introduce a UE feature for HST-SFN JT requirements.  

	Qualcomm
	Issue 5-1: Ok with recommended WF.
Issue 5-2: Ok with recommended WF.
Issue 5-3: Applicability rule between HST single-tap and HST-SFN was present even in LTE. As mentioned in our paper, HST-SFN channel has higher Doppler and delay spread compared to multi-path fading channel. Therefore, we should have an applicability rule for multi-path fading as well. To make progress, can we at least agree to Option 2 and further discuss the applicability rule between HST-SFN and multi-path fading?
Issue 5-4: Ok with recommended WF. For HST fading case, can we agree to not test the UE for tests with TDLB100-400 except dynamic TDD test case, if UE passes HST multipath fading tests? That way, UE will still be tested for TDLB100-400 along with dynamic TDD to fulfil Docomo’s concern and we will be able to reduce some test cases.
Issue 5-5/5-6 for HST single tap, multipath fading: We noticed that this is also on the agenda in UE feature list discussion. So, we would prefer to discuss it in UE feature list discussion rather than in this email thread.
Issue 5-6: UE features for HST-SFN 
We don’t agree with the recommended WF because in our opinion, frequency error tracking for DPS is same as HST-SFN. If UE doesn’t support HST-SFN, it may not be able to support DPS. So, it should either be a separate feature or tied to HST-SFN capability.

	CMCC
	Issue 5-1: Release independent requirements for HST single tap and multi-path fading
We are OK with the recommended WF.
Issue 5-3: Test applicability between HST-SFN, HST single tap and HST multi-path fading performance test cases
Option 2. Since in Rel-16 LTE HST, there is applicability rule between HST single tap and HST-SFN, we are OK to introduce applicability rule between HST single tap and HST-SFN for NR HST. While for multi-path fading channel, since the channel model is different, we do not prefer to introduce the applicability rule.
Issue 5-4: Test applicability between different Doppler frequencies for the same channel model
For HST single tap, we are OK with “UE can skip Rel-15 HST single tap test if UE has passed the Rel-16 HST single tap case”.
For HST fading channel, we are OK with option 1: UE can skip NR Rel-15 fading cases with TDLC300-100 and test metric of 70% max throughput if UE passes the Rel-16 HST fading case with TDLC300-600/TDLC300-1200.
Issue 5-5: UE features/capabilities for HST single tap and HST multi-path fading
Option 2: mandatory.
Issue 5-6: UE features for HST single tap and HST multi-path fading 
Option 2: No need to introduce feature list for HST fading channel and HST single-tap
Issue 5-6: UE features for HST-SFN
Agree with the recommended WF.

	vivo
	Issue 5-5: UE features/capabilities for HST single tap and HST multi-path fading
We agree with option 2 in the recommended WF.
Issue 5-6: UE features for HST single tap and HST multi-path fading
Maybe more careful analysis is needed. Although we agree with mandatory without capability signalling, we are not sure whether we may still need to list this item in the feature list. In Rel.15 we see a lot of features are still on the list even if it is mandatory without capability signalling.
Since these feature are supported in R16 based on the background of 500 km/h, it slightly differ with Rel. 15 features and maybe need to be in the list.
Issue 5-6: UE features for HST-SFN 
Our previous view was based on the assumption that single tap and multi-path are not in the feature list. If the outcome of previous issue is to list in the list, maybe DPS also need to be listed.

	docomo
	Issue 5-1
Ok with recommended WF.
Issue 5-2
Ok with recommended WF.
Issue 5-3
We prefer Option 1. The motivation of each HST scenarios, i.e. HST-SFN, Single-tap and multi-path fading is different.
Issue 5-4
The difference between Rel.15 multi-path fading test and Rel.16 multi-path fading test are channel model and TRS periodicity. In particularly, Rel. 16 requirement uses 10ms TRS periodicity to support the higher Doppler frequency while Rel.15 requirement uses 20ms TRS periodicity. We consider that TRS configuration is one of the key parameters for HST demodulation requirements. Thus, we still pfefer Proposal 3.
For Option 2, TDD pattern of FR1.30-1A (7DS2U) is specially designed to test the dynamic TDD configuration. And, TDD pattern of FR1.30-5 (DSUU) and FR1.30-6(DSSU) are different from 7DS2U. From this situation, it should be affected for the Operators including us if these tests are skipped.
We prefer to skip only Rel-15 multi-path fading with TDLB100-400 for FDD if Rel-15 multi-path fading with TDLB100-400 is skipped. Therefore, Option 2-1 should be considered in this discussion.
Option2-1
Rel-15 multi-path fading with TDLB100-400 (Table 5.2.2.1.1-3 Test 1-1 and Table 5.2.3.1.1-3 Test 1-1) is not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-600 for FDD
Issue 5-5
We prefer Option 2 in recommended WF
Issue 5-6: UE features for HST single tap and HST multi-path fading 
We prefer Option 2: No need to introduce feature list for HST fading channel and HST single-tap



 

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: Release independent requirements for HST single tap and multi-path fading

	Tentative agreements:	
· Rel.16 HST requirements, including HST single tap and multi-path fading  are release independent from Rel-15.
•	The requirements for Rel-16 HST single tap and multi-path fading test are optional for Rel-15 UEs.

	Issue 5-2: Release independent requirements for HST-SFN

	Tentative agreements:	
RAN4 wait for the LS response from RAN2 to decide whether Rel-16 HST-SFN requirement is released independent from Rel-15 or not.

	Issue 5-3: Test applicability between HST-SFN, HST single tap and HST multi-path fading performance test cases

	–	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, Qualcomm, CMCC): Do not test UE under HST single-tap, if UE passes the requirements for HST-SFN.
–	Option 3 (Qualcomm): Do not test UE under HST single tap and HST multi-path scenarios, if UE passes the requirements for HST-SFN.
6 companies discuss issue 5-3. 2 companies support option1 to not define any applicability rules. 3 companies support option 2. Option 3 can be discussed later after the applicability rule between multi-path fading and HST-SFN agreed according to company’s comments.
In addition, 1 company suggests discussing issue 5-3 together with the release independent issue. For example, for option2, if HST-SFN is tested, does the Rel-15 HST single tap need to be tested?
Recommendations for 2nd round:
Further discuss the applicability rule between HST single tap and HST-SFN in 2nd round. Applicability rule between HST-SFN and HST multi-path fading can be discussed  later\
In addition, further clarification on option 2 is needed considering the release independent issue. Companies provide your 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.
· Alt 1: Skip the Rel-15 HST single tap test, if UE passes the requirements for HST-SFN
· Alt 2: Skip the Rel-16 HST single tap test, but do not skip the Rel-15 HST single tap test, if UE passes the requirements for HST-SFN
· Alt 3: Skip both Rel-15 and Rel-16 HST single tap test, if UE passes the requirements for HST-SFN 

	Issue 5-4: Test applicability between different Doppler frequencies for the same channel model

	•	Option 1 (Huawei, CMCC): UE can skip NR Rel-15 fading cases with TDLC300-100 and test metric of 70% max throughput if UE passes the Rel-16 HST fading case with TDLC300-600/TDLC300-1200.
•	Option 2 (Huawei): Rel-15 multi-path fading with TDLB100-400 is not applicable for UE that passes Rel-16 multi-path fading tests (TDLC300-600 for FDD and TDLC300-1200 for TDD).
•	Option 3 (Intel): Do not define the applicability rules between Rel-15 HST fading case with TDLB100-400 and Rel-16 HST fading case with TDLC300-600/TDLC300-1200、
During the 1st round discussion, some revised options on original option2 are proposed by companies. The main difference between the following revised options is on the TDD test cases.  
· Revised option 2-1 (Ericsson, Qualcomm)
· Rel-15 multi-path fading with TDLB100-400 (Table 5.2.2.1.1-3 Test 1-1 and Table 5.2.3.1.1-3 Test 1-1) is not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-600 for FDD
· Rel-15 multi-path fading with TDLB100-400 (Table 5.2.2.2.1-3 Test 1-1 and Table 5.2.3.2.1-3 Test 1-1) is not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-1200 for TDD.
· Revised  option2-2 (DOCOMO)
· Rel-15 multi-path fading with TDLB100-400 (Table 5.2.2.1.1-3 Test 1-1 and Table 5.2.3.1.1-3 Test 1-1) is not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-600 for FDD
Tentative agreements:	
–	For HST single tap: UE can skip Rel-15 HST single tap test if UE has passed the Rel-16 HST single tap case.
Recommendations for 2nd round:
Further discuss the applicability rule for multi-path fading test cases of different Doppler frequencies in 2nd round.
· For FDD:
· Option 1a: Rel-15 multi-path fading with TDLB100-400 (Table 5.2.2.1.1-3 Test 1-1 and Table 5.2.3.1.1-3 Test 1-1) is not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-600 for FDD
· Option 1b: Rel-15 multi-path fading with TDLC300-100 (Table 5.2.2.1.1-3 Test 1-2 and Table 5.2.3.1.1-3 Test 1-2) is not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-600 for FDD
· Option 2: Not define any applicability rule for FDD multi-path fading tests between Rel-15 and Rel-16.
· For TDD:
· Option 1a: Rel-15 multi-path fading with TDLB100-400 (Table 5.2.2.2.1-3 Test 1-1 and Table 5.2.3.2.1-3 Test 1-1) is not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-1200 for TDD.
· Option 1b: Rel-15 multi-path fading with TDLC300-100 (Table 5.2.2.2.1-3 Test 1-2 and Table 5.2.3.2.1-3 Test 1-2) is not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-1200 for TDD.
· Option 2: Not define any applicability rule for TDD multi-path fading tests between Rel-15 and Rel-16. 

	Issue 5-5: UE features/capabilities for HST single tap and HST multi-path fading 

	–	For HST single tap requirements, it was agreed that no capability signalling will be introduced. More discussion is needed on whether it is optional or mandatory.
•	Option 1: optional 
•	Option 2: mandatory
7 companies discuss issue 5-5, 5 of them support option2, 1 company propose to discuss this issue in feature list email discussion. 
We observed some conflict discussion between email discussion [321] and [127]. Since more contributions related are submitted in demodulation agenda, so we capture companies views and discussions here. We also copies the comments from [127], it seems that no company propose to make single tap HST as optional. Hence, moderator suggests agreeing that HST single tap requirements is mandatory.
[image: C:\Users\cmcc\AppData\Local\Temp\1590649574(1).png]
Tentative agreements:	
· For HST single tap requirements, no capability signalling will be introduced (last meeting agreement), and the requirements is mandatory. 

	Issue 5-6: UE features for HST single tap and HST multi-path fading 

	–	Option 1:  Introduce separate UE features for HST Single tap and HST multi-path fading requirements.
–	Option 2: No need to introduce feature list for HST fading channel and HST single-tap.
7 companies discuss issue 5-6, 5 of them support option 1 , 1 company support option 1 and 1 company propose to discuss this issue in feature list email discussion,
[image: C:\Users\cmcc\AppData\Local\Temp\1590649574(1).png]
Recommendations for 2nd round:
Continue the discussion in email discussion [127] UE feature list

	Issue 5-7: UE features for HST-SFN
	For DPS, there is no consensus whether additional UE feature is needed or not. 5 companies think no additional capability signalling is needed for DPS, 
While 1 company think If UE doesn’t support HST-SFN, it may not be able to support DPS. So, it should either be a separate feature or tied to HST-SFN capability.
This issue is related to issue 1-1 and 1-2. 
Recommendations for 2nd round:
Continue the discussion in 2nd round, and suggests discussing together with issue 1-1 and 1-2. 



Suggestion on WF/LS assignment 
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Discussion on 2nd round (if applicable)

Open issues summary
Issue 5-3: Test applicability between HST-SFN, HST single tap and HST multi-path fading performance test cases
Recommendations for 2nd round:
Further discuss the applicability rule between HST single tap and HST-SFN in 2nd round. Applicability rule between HST-SFN and HST multi-path fading can be discussed later.
In addition, further clarification on option 2 is needed considering the release independent issue. Companies provide your 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.
•	Alt 1: Skip the Rel-15 HST single tap test, if UE passes the requirements for HST-SFN
•	Alt 2: Skip the Rel-16 HST single tap test, but do not skip the Rel-15 HST single tap test, if UE passes the requirements for HST-SFN
•	Alt 3: Skip both Rel-15 and Rel-16 HST single tap test, if UE passes the requirements for HST-SFN 
Issue 5-4: Test applicability between different Doppler frequencies for the same channel model
Recommendations for 2nd round:
Further discuss the applicability rule for multi-path fading test cases of different Doppler frequencies in 2nd round.
–	For FDD:
	Option 1a: Rel-15 multi-path fading with TDLB100-400 (Table 5.2.2.1.1-3 Test 1-1 and Table 5.2.3.1.1-3 Test 1-1) is not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-600 for FDD
	Option 1b: Rel-15 multi-path fading with TDLC300-100 (Table 5.2.2.1.1-3 Test 1-2 and Table 5.2.3.1.1-3 Test 1-2) is not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-600 for FDD
	Option 2: Not define any applicability rule for FDD multi-path fading tests between Rel-15 and Rel-16.
–	For TDD:
	Option 1a: Rel-15 multi-path fading with TDLB100-400 (Table 5.2.2.2.1-3 Test 1-1 and Table 5.2.3.2.1-3 Test 1-1) is not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-1200 for TDD.
	Option 1b: Rel-15 multi-path fading with TDLC300-100 (Table 5.2.2.2.1-3 Test 1-2 and Table 5.2.3.2.1-3 Test 1-2) is not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-1200 for TDD.
Option 2: Not define any applicability rule for TDD multi-path fading tests between Rel-15 and Rel-16.
2. Open issues 
	Company
	Comments

	Huawei
	Issue 5-3: Test applicability between HST-SFN, HST single tap and HST multi-path fading performance test cases
We prefer Option 2-Alt 3: Skip both Rel-15 and Rel-16 HST single tap test, if UE passes the requirements for HST-SFN.
As discussed for Issue 1-1 in section 1.5.2, UE should track 4 paths at all time and the Doppler shift trajectory is a gradually changing as shown below:
[image: ]
Based the above Doppler shift trajectory for HST SFN, the residual frequency error compared to single tap is shown as following:
[image: ]
We can know that HST-SFN has much higher residual frequency error than single-tap all time, demodulation performance will be more seriously affected by frequency error than Doppler shift.
An agreement has been made that UE can skip Rel-15 HST single tap test if UE has passed the Rel-16 HST single tap case. For our understanding, if the applicability rules defined that UE can skip Rel-16 HST single tap test if UE has passed the Rel-16 HST SFN case, then it means Option 2-Alt3.
Issue 5-4: Test applicability between different Doppler frequencies for the same channel model
For FDD, we prefer both Option 1a and 1b. We can regard Rel-16 TDLC300-600 cases as a higher demand comparing to Rel-15 TDL-B100-400/TDLC300-100 cases since there is similar test configuration between them but Rel-16 TDLC300-600 cases have same or larger Delay spread and Doppler spread.
For TDD, we prefer Option 1b with the same reason as FDD, but we are also fine for both Option 1a and Option 1b. 

	CMCC
	Issue 5-3: Test applicability between HST-SFN, HST single tap and HST multi-path fading performance test cases
Option 2 with Alt3. Firstly, we are OK to follow the LTE HST approach to specify applicability rule between HST single tap and HST-SFN, In addition, it was agreed in the 1st round discussion that UE can skip Rel-15 HST single tap test if UE has passed the Rel-16 HST single tap case. Taking above into account, Alt3 is OK for us. As for the multi-path fading channel, from our point of view, it is not preferred to specify applicability rule for the requirements of multi-path fading channel. 


	Ericsson
	Issue 5-3: Test applicability between HST-SFN, HST single tap and HST multi-path fading performance test cases
We focus the discussion limited to Rel-16 UEs, because we need wait for LS response from RAN2 on HST-SFN early implementation for Rel-15 UEs. 
We prefer Option 2 Alt-2. In our understanding, LTE applicability rule between HST-SFN and HST single tap is applicable only for Rel-16 500km/h requirements, that is, even if LTE UE passes HST-SFN-500 requirements, UE still need to pass HST requirements for 300km/h, although it can skip HST-500 requirements. 
We summarize our preference:
5. If Rel-16 UE passes Rel-16 HST-SFN, UE can skip Rel-16 HST single tap but UE should be tested with Rel-15 HST single tap
5. If Rel-16 UE is not capable of Rel-16 HST-SFN, UE should be tested with Rel-16 HST single tap. In this case UE can skip Rel-15 HST single tap.
Issue 5-4: Test applicability between different Doppler frequencies for the same channel model
For FDD, we prefer Option 1a. We should focus on the Doppler shift, not delay spread. We believe Doppler=100Hz in FR1 is ‘local train’ scenario not ‘high speed train’ scenario. 
For TDD, we prefer Option 1a. Same reason as FDD. 


	Intel
	Issue 5-3: Test applicability between HST-SFN, HST single tap and HST multi-path fading performance test cases
Prefer option 1. We do not agree with observation provided by Huawei that residual error is higher in HST-SFN. First of all, residual error in HST-SFN depends on details of UE frequency tracking implementation. Moreover, it is not reasonable to compare residual error in HST Single tap and HST-SFN since in HST-SFN the power of each tap changes from rather negligible to ~1. If we compare only residual error on the strongest tap per time occasion, we will observe that max residual error is much higher in HST Single tap even with optimal frequency tracking (single-shot). In this case HST-SFN cannot cover HST Single tap performance.
Issue 5-4: Test applicability between different Doppler frequencies for the same channel model
No strong view regarding considered options. Only prefer to have unified solution for both FDD and TDD.

	docomo
	Issue 5-3: Test applicability between HST-SFN, HST single tap and HST multi-path fading performance test cases
It is still FFS whether or not to introduce the applicability rule between HST-SFN and Single-tap. If RAN4 agree to support such applicability rule, we agree with the following proposal from Ericson.
[Proposal] 
・If Rel-16 UE passes Rel-16 HST-SFN, UE can skip Rel-16 HST single tap but UE should be tested with Rel-15 HST single tap
・If Rel-16 UE is not capable of Rel-16 HST-SFN, UE should be tested with Rel-16 HST single tap. In this case UE can skip Rel-15 HST single tap.
Issue 5-4: Test applicability between different Doppler frequencies for the same channel model
For this issue, propagation condition, i.e. TDLB100-400 and TDLC300-100, are discussed during this meeting. We prefer to focus more on the TDLB100-400 condition because TDLC300-100 is not tested for HST multi-path scenario. TDD patterns under TDLB100-400 are assumed as dynamic TDD, DSUU and DSSU for which RAN4 introduced two TDD test cases (i.e. 2Rx and 4Rx) for each in Rel.15. If the tests for TDD with TDLB100-400 are skipped, RAN4 cannot ensure whether UEs support aforementioned TDD patterns correctly. We prefer to avoid such situation. For the progress, we propose that FDD tests with TDLB100-400 can be skipped as long as TDD tests with TDLB100-400 will be conducted.
[Proposal]
Assume Option 1a for FDD as long as Option 2 is supported for TDD



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

	
	



Topic #6: CR work split
Based on the current agreement in NR-HST demodulation, moderator suggests splitting the following work among companies. Companies please fill in your name during 2nd round discussion if you want to contribute. Note that DPS related requirements can be added later after RAN4 reach agreements.
	
	Responsibility

	Simulation results summary for NR-HST demodulation
	Huawei, HiSilicon

	CR on HST-SFN requirements
	FDD
	Intel

	
	TDD
	CMCC

	CR on  HST-single tap and multi-path fading channel requirements
	FDD
	[bookmark: _GoBack]Qualcomm

	
	TDD
	Huawei, HiSilicon

	CR on propagation condition on high speed  train scenario
	Intel

	CR on FRC
	Ericsson

	CR on applicability 
	Huawei, HiSilicon



image1.png
DopplerHz

SFN

500
700

800

900

1000 1100
Distance/m

1200

1300

1400




image2.png
DopplerHz

1000

800

600

400

200

200

400

500

800

1000

DPS

— — —Doppler trajectory
#  TRS tracking point
| R Switching time

208

215
Time/s

22 225 23




image3.png
1500

1000

500

DopplerHz

500

1000

1500

Residual frequency

SFN path-1
SFN path0
SFN path1
SFN path2
— — —Single tap

0 05 1 15 2 25 3 35 4 45 5
Time/s




image4.png
MTK.

Tolntel's proposal: Among 3 demodulation deployment scenarios, only HST-SFN requires some exira-handling at UE side, while the other 2 does not.In our understanding, ITUE can support 10-1, UE should
‘already be ableto decode PDCCH/PDSCHin HST scenarios. Inthis sense. we thinkthe 2 features suagested by intel s alfeady covered by 10-1..

[Emcsson

T prematireto 200" DemoouIaon enhanceme Tor ST STnale Tap ConaMons 26 & Teature Since Whetheriis s Opional or Manda0ny s belN OIS Cssedn 32 TS ManGator Wil

‘capability sianaling then no such featurels needed If s optional then it can be added as a feature. Therefore.for the time being we suggestto remove 1o 2void conflision 3nd misirierpretation. .
“Demodulation enhancementfor HST multi-path fading shouldbe removed since ithas been concludedthathis is Mandatory without capabilty sianaling, Therefore, this is not neededinthe feature list.

FAN alea0y a0reea athere s no need o Iioduce UE Capabiies TorFST SInale 1ap and mul-pah Taand chanel NG neeato Inroauce Teatures for DermoauNon enhanceme o S TSIaletan
condtions” and“Demodulation enhancementfor HST muli-pah fading..

For10-1.10-2 a0 10-3. we proposeto define them as mandatory with capabilty sianalin

TréroAUaTon eRhantementTor S T Fuli-paih Tagig TeatireTs ot ieeded SInGe s  MaGaTory TeqUIrerent WOl Capabiity SIgnalling -

ForHST-SFNIT_Consigennathe compledy and poteTal pOWeT CoRSURpHon We TAKTATS Teature ShoUld be GBtoma
ForHST RRM features. these features should be “mandatory with capabilty signaling’to quarantee UE performance..

TI{5 N0t CE31T0 Us Why - Dermoulaon enrancE ment o HS T muli-pai F30ng Shoulabe 3 separate UE Tealiie 2 Dion0sedln RE-2007637 BUTaTIeastno Capabiiy SIGnalng ShouB be Mo UCEaToriese
tequirements. Also no dlear why “Demodulation enhancemeat (ot HSL single fap conditions is proposed as UE fealure. This should alsobe UE requirement aspectwithout any need for capabity consideration.

TOrT0-X 30017E ToTe o ATy e Teature Qroups Showa be alanea i RA-Z005.350. -
‘We are notinfavorto definethe singletap or multi-path dermodulation capabilty. We should waitfor the outcome of discussion in dermodulation session. .





