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Background
During RAN4#95-e meeting, way forward [1] for NR Rel-16 UE demodulation was approved. In this contribution, we share our views about feature lists and applicability for different scenarios for NR Rel-16 UE HST performance requirements.
Discussion
UE features
	· For HST fading channel requirements and HST single Tap channel demodulation requirements
· Background:
· 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
· requirements is mandatory
· Open issue: 
· Whether feature list will be introduced for HST fading channel, and HST single tap



Usually RAN4 introduces optional or mandatory with capability signaling features to feature list. Considering both HST single-tap and HST multi-path fading channel are mandatory without capability signaling as per agreements at last meeting, it is no necessary to introduce feature list for HST single-tap and HST multi-path fading channel.
Proposal 1: No need to introduce feature list for HST fading channel and HST single-tap.
Release independent
As per the reply from RAN2 [2] as extracted below, RAN2 concluded that Rel-16 HST-SFN requirement can be early implemented by Rel-15 UEs without Rel-15 specification change. It is feasible to define Rel-16 NR HST enhancement performance requirements in RAN4 to be release independent from Rel-15.
	RAN2 thanks RAN4 for the LS on supporting Rel-16 NR HST from Rel-15 UEs (R4-2005533). RAN2 discussed the issue and concluded that Rel.16 NR HST enhancement can be early implemented by Rel-15 UEs without causing any inter-operability issues. The enhancement of Rel-16 NR HST can be supported by Rel-15 UEs without Rel-15 specification change.



Proposal 2: Define Rel-16 HST-SFN requirement to be release independent from Rel-15.
Applicability rule 
For different channel model
	· Test applicability between HST-SFN, HST single tap and HST multi-path fading performance test cases
· 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



For the applicability rule between different channel models of HST-SFN, HST single-tap and HST multi-path fading, we think that test applicability can be defined at least for HST-SFN and HST single tap. Extraction of section 8.2.1.9.2 of TS 36.101 [3] for LTE HST is derived as below:
	The requirements are specified in Table 8.2.1.9.2-2, with the addition of the parameters in Table 8.2.1.9.2-1 and the downlink physical channel setup according to Annex C.3.2. The purpose of these tests are to verify UE performance in the HST-SFN-500 and HST-500 scenario. The test for HST-SFN-500 scenario defined in B.3B is applied when highSpeedEnhancedDemodulationFlag-Rel16 [7] is received. The test for HST-500 scenario defined in B.3C is applied when highSpeedEnhancedDemodulationFlag-Rel16 [7] is not received. HST-500 test is not applicable to UE that has passed HST-SFN-500 test.



We can see that there is an applicability rule between single-tap and SFN for Rel-16 LTE HST enhancement. Test for single-tap is only for UE that do not support SFN to ensure the performance under high speed scenario. For Rel-16 NR HST, similar rule can be reused, i.e. UE that has passed the requirements for HST-SFN does not need to pass the requirements for HST single tap.
Some companies argue that the maximum Doppler may be different between SFN and single-tap. However, demodulation performance is more affected by the residual frequency which can be seen by baseband rather than the maximum Doppler. Figure 2.3-1 shows the residual frequency after frequency compensation for SFN and single-tap. For single-tap, residual frequency can be limited near to zero for most of the time, and only can be large when UE is passing the RRUs. For SFN, all 4 paths received from 4 RRUs have higher residual frequency for all time. Therefore, handling SFN scenario is more challenge compared to handling single-tap scenario for UE.
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Figure 2.3-1 Residual frequency between SFN and single-tap
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 for the minimum performance requirements definition. Also, as per evaluation in our contribution [4], the performance for “follow strongest” path is very poor as shown below, we don’t think “follow strongest” path is a proper UE implementation.
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Figure 2.3-2: HST-SFN demodulation performance
If the applicability rule between Rel-16 SFN and Rel-16 single-tap is defined, considering there is also applicability rule between Rel-16 single-tap and Rel-15 single-tap, a chain of applicability rule is formed. If UE passes the requirements for HST-SFN, then performance for both Rel-15 and Rel-16 HST single tap can be ensured.
Proposal 3: Adopt Option 2 Alt 3: Skip both Rel-15 and Rel-16 HST single tap test, if UE passes the requirements for HST-SFN
For the same channel model with different Doppler
	· Test applicability between different Doppler frequencies for the same channel model
· For multi-path fading channel
· 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.
· Test applicability between different Doppler frequencies for the same channel model
· 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.



For FDD, 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. Therefore, both Option 1a and 1b can be applied for applicability rule definition.
For TDD, we prefer Option 1b with the same reason as FDD. Considering the TDL-B100-400 cases are used to test dynamic TDD configuration, it is not suitable to define applicability rule between TDL-B100-400 cases and TDLC300-600 cases.
Proposal 4: Adopt Option 1a and 1b: Rel-15 multi-path fading tests with TDLB100-400 and TDLC300-100 are not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-600 for FDD.
Proposal 5: Adopt Option 1b: Rel-15 multi-path fading tests with TDLC300-100 are not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-1200 for TDD.
Proposals
In this contribution, we discuss on general issues for NR UE HST performance requirements. Our observations and proposals are:
Proposal 1: No need to introduce feature list for HST fading channel and HST single-tap.
Proposal 2: Define Rel-16 HST-SFN requirement to be release independent from Rel-15.
Proposal 3: Adopt Option 2 Alt 3: Skip both Rel-15 and Rel-16 HST single tap test, if UE passes the requirements for HST-SFN
Proposal 4: Adopt Option 1a and 1b: Rel-15 multi-path fading tests with TDLB100-400 and TDLC300-100 are not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-600 for FDD.
Proposal 5: Adopt Option 1b: Rel-15 multi-path fading tests with TDLC300-100 are not applicable for UE that passes Rel-16 multi-path fading tests TDLC300-1200 for TDD.
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