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1	Introduction
During the last RAN4 meeting, the remaining issue on the test parameters on UL timing adjustment requirement for Rel-17 FR2 HST were further discussed. The related agreement was captured in the WF [1] as
	· Introduce UL timing adjustment requirements for FR2 HST 
· CBW: Align CB CBW for UL adjustment and PUSCH demodulation
· Define 50MHz and 200MHz CBWs with test applicability rule that only one of them is tested based on BS manufacturer
· The existing PUSCH applicability rule for different channel bandwidth for UL timing adjustment requirements
· For each subcarrier spacing declared to be supported, the test requirements for a specific channel bandwidth shall apply only if the BS support it
· Unless otherwise stated for each subcarrier spacing declared to be supported, the tests shall be done only for the widest support channel bandwidth. If performance requirement is not specified for this widest supported channel bandwidth, the tests shall be done by using performance requirement for the closest channel bandwidth lower than this widest supported bandwidth; the tested PRBs shall then be centered in this widest supported channel bandwidth
· PUSCH resource allocation  
· 50MHz CBW: 16RBs for each UE, Moving UE RBs: 0~15; Stationary UE RBs: 16-31
· 200MHz: 66RBs for each UE, Moving UE RBs: 0~65; Stationary UE RBs:66~131
· SRS configuration 
· 50MHz CBW(32RBs)~C_SRS=0, B_SRS=0
· 200MHz CBW(132RBs)~C_SRS=33, B_SRS=0
· RS configuration
· Align RS configuration for UL timing adjustment requirements and PUSCH requirement
· Test parameters
· Option 1: Use A=1.25us, , Δw= 1.04s-1 corresponding to 120KHz SCS for HST FR2 UL timing adjustment requirements
· Other options are not precluded
· FFS on whether the large propagation delay will be considered for UL timing adjustment requirement, the output of RRM/deployment discussion can be considered and revised UL TA channel model if needed
· Test different between moving UE and stationary UE
· Δt-(TA-31)x16*8Tc  as baseline, the output of RRM/deployment discussion on timing alignment can be considered
· SRS transmission
· The transmission of SRS in UL timing adjustment requirement is optional 
· MCS: only with MCS16
· Length of PUSCH data: 10 



In this contribution, the view on remaining issue is provided for UL timing adjustment requirement, and the initial simulation results are provided.
2	Discussion
RS configuration
Regarding the RS configuration for PUSCH and UL timing adjustment, it was agreed to align RS configuration for UL timing adjustment requirements and PUSCH requirement. Based on our analysis of RS for PUSCH, from Doppler estimation accuracy and achieved throughput perspective, the benefit with more than 2 DMRS configuration is limited. 
As mentioned, the motivation of UL timing adjustment is to investigate the impact of timing offset on PUSCH performance. In FR1 HST, RAN4 defined the UL timing adjustment with several scenarios as 
	
	Parameter
	Scenario X
	Scenario Y
	Scenario Z

	Channel model
	Stationary UE: AWGN
Moving UE: TDLC300-400
	Stationary UE: AWGN 
Moving UE: AWGN
	Stationary UE: AWGN
Moving UE: AWGN

	UE speed
	120 km/h
	350 km/h
	500 km/h

	CP length
	Normal
	Normal
	Normal

	A
	15 kHz: 10 s
30 kHz: 5 s
	15 kHz: 10 s
30 kHz: 5 s
	15 kHz: 10 s 
30 kHz: 5 s 

	
	15 kHz: 0.04 s-1
30 kHz: 0.08 s-1
	15 kHz: 0.13 s-1
30 kHz: 0.26 s-1
	15 kHz: 0.18 s-1
30 kHz: 0.36 s-1



NOTE 1: Doppler shift is not taken into account in UL TA scenario Y and Z.



Although the high speed velocity is considered in the test scenario, the Doppler shift is not taken into account. 
Observation 1:  No Doppler Shift is taken into account for scenario Y and scenario Z for HST
From timing offset estimation and compensated processing perspective, it was performed per symbol by symbol. In In that sense, there is no necessary to configure the 1+1+1 DMRS structure. Also, the overhead with 2/3 DMRS configuration is larger than with 1 DMRS configuration as analyzed in our accompany paper [2]. Therefore, 1 DMRS structure should be enough to verify the performance of UL timing adjustment. Considering there is no consensus achieved for 1 DMRS configuration by companies, we are fine to define UL timing adjustment requirement with both 1 DMRS and 2 DMRS configurations, and apply Rel-15 test applicability rule to reduce the test effort, based on BS manufacturer declaration.
Proposal 1:  Align RS configuration with PUSCH and UL timing adjustment requirement, and define demodulation requirement with configured both 1 DMRS and 2 DMRS.  And apply the Rel-15 test applicability rule for BS conformance test, based on BS manufacturer declaration.

SRS configuration 
Based on agreement in the last meeting, the transmission of SRS is optional. RAN4 has discussed the detail SRS resource allocation based on agreed channel bandwidth. Considering the TDD pattern with 3D1S1U is applied, similar as FR1, we propose the SRS transmission location is the last symbol in slot#3 in radio frame.

Proposal 2:  The SRS transmission location is the last symbol in slot#3 in radio frame.

Test Parameters for A
As per RRH deployment scenario discussion, it was agreed to introduce requirement for Uni-directional scenario A and scenario B, as well as Bi-directional scenario B. When UE switching between RRHs, large difference propagation delays from two neighboring RRHs can happen, especially for Uni-directional RRH deployment scenario. The following is the propagation delays when RRH switching for Bi-directional and Uni-directional scenarios.
Table 1: propagation delay from two neighboring RRHs
	Scenario
	Uni-directional
	RTT
(Uni-directional)
	CP length
(120KHz SCS)

	Scenario A (Ds=700m, Dmin=10m)
	2.3us
	4.6us
	0.57us

	Scenario B(Ds=700m, Dmin=150m)
	2.4us
	4.8us
	0.5us



Observation 2:  The propagation delay from two neighboring RRHs in Uni-directional scenario is larger than the CP length. 
In NR, for a SCS of [image: ] kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing for the TAG in multiples of[image: ].  As indicated in 38.213 spec
	In other cases, a timing advance command [11, TS 38.321], [image: ], for a TAG indicates adjustment of a current [image: ] value, [image: ], to the new [image: ] value, [image: ], by index values of [image: ] = 0, 1, 2,..., 63, where for a SCS of [image: ] kHz, [image: ].



Where the maximum adjustment can be changed from +32*2 Ts (Ts= 64*Tc) to -31*2*Ts, which is about 2us, after the lager TA adjustment, the remaining propagation delay is about 0.5us, which is close to the length of CP
Observation 3:  With larger TA command, the maximum adjustment can be up to 2us, which is still smaller than the maximum sudden change as 2.5us. The remaining propagation delay is about 0.5us, which is close to the length of CP.
Generally, the UL timing adjustment performance is verified based on PUSCH demodulation performance in specified reference conditions as following, which the path timing is moving according to the equation as


 (
Delay profile
Reference timing
)

In these conditions, if UL timing adjustment were not appropriately executed, UL-SCH demodulation performance would be degraded.
For LTE and NR FR1 HST, the test parameter A is denoted as around 2 time of CP length and scaled with SCS. For FR2 HST, the propagation delay from two neighboring RRHs is larger than the CP. As mentioned, with large TA command, the remaining propagation delay is close to the length of CP. After switching, the speed of the timing change in the gNB time adjustment test is relatively slow, tracking the roundtrip propagation delay changes is not difficult and proper uplink timing can be maintained with small incremental adjustments 
Therefore, we prefer to reuse the existing test parameter A=1.25us, , Δw= 1.04s-1 for UL timing adjustment requirement 
Proposal 3:  Use test parameter A=1.25us, , Δw= 1.04s-1 for UL timing adjustment requirement  
Regarding the timing offset between moving UE and stationary UE, as agreed in the last meeting, Δt-(TA-31)x16*8Tc  can be regarded baseline. Based on RRM discussion about uplink timing, RAN4 will further study two options to address uplink timing issue, one method is based on one slot UE autonomous large uplink timing adjustment, another is based other implementation/deployment solution. As mentioned in WID, RAN4 will define FR2 HST requirement based on existing Rel-15/16 RAN1 design, so, the TA command and the related TA step is following on existing RAN1 design.
Proposal 4:  The timing different between moving UE and stationary UE as Δt-(TA-31)x16*8Tc can be considered for UL timing adjustment requirement
3	Simulation 
In this section, the initial simulation results are provided to compare the performance with different RS configuration. The simulation assumption can be referred as following table.
Table 2: Simulation assumption for UL timing adjustment 
	Parameter
	Value

	Transform precoding
	Disabled

	Uplink-downlink allocation for TDD
	120kHz SCS:
3D1S1U, S=10D:2G:2U

	Channel bandwidth
	120KHz SCS:   50MHz and 200MHz

	MCS
	16

	HARQ
	Maximum number of HARQ transmissions
	4

	 
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	 
	DM-RS duration
	single-symbol DM-RS

	 
	DM-RS position (l0)
	0

	 
	Additional DM-RS position
	option 1: 1+0
option 2: 1+1
option 3: 1+1+1

	 
	Number of DM-RS CDM group(s) without data
	2

	 
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	 
	DM-RS port
	{0}

	Time domain resource assignment
	DM-RS sequence generation
	NID0=0, nSCID =0 for moving UE
NID0=1, nSCID =1 for stationary UE

	 
	PUSCH mapping type
	B

	 
	Allocation length
	10

	Frequency domain resource assignment
	RB assignment
	50MHz CBW:   16RBs for each UE, Moving UE RBs: 0~15; Stationary UE RBs: 16~31
200MHz CBW:  66RBs for each UE, Moving UE RBs: 0~65, Stationary UE RBs: 66~131

	 
	Starting PRB index
	Moving UE: 0 
Stationary UE: 16 for 50MHz and 66 for 200MHz

	 
	Frequency hopping
	Disabled

	SRS resource allocation
	Slots in which sounding RS is transmitted (Note 1)
	For TDD: 
  - last symbol in slot #3 in radio frames for 120KHz

	 
	SRS resource allocation
	120 kHz SCS: 
  - 50MHz CBW (32RBs)~C_SRS =9, B_SRS=0
  - 200MHz CBW (132RBs)~C_SRS =33, B_SRS=0

	NOTE 1.	The transmission of SRS is optional. And the transmission comb and SRS periodic are configured as KTC = 2, and TSRS= 10 respectively.



Table 3: Initial simulation results for UL timing adjustment requirements
	Tx/Rx
	SCS, BW
	MCS
	Mapping type
	Symbol length
	DMRS configuration
	PT-RS
	Channel
	RS assignment
	SNR@70 of TP

	1T2R
	120KHz50MHz
	MCS16
	B
	10
	1+0
	K_PTRS=2, L_PTRS=1
	AWGN
	Moving UE: 0~15 
	7.5

	
	
	
	
	
	
	
	
	Stationary UE: 16~31
	

	1T2R
	120KHz50MHz
	MCS16
	B
	10
	1+1
	K_PTRS=2, L_PTRS=1
	AWGN
	Moving UE: 0~15 
	7.1

	
	
	
	
	
	
	
	
	Stationary UE: 16-31
	

	1T2R
	120KHz
50MHz
	MCS16
	B
	10
	1+1+1
	K_PTRS=2, L_PTRS=1
	AWGN
	Moving UE: 0~15
	7.3

	
	
	
	
	
	
	
	
	Stationary UE: 16~31
	

	1T2R
	120KHz
200MHz
	MCS16
	B
	10
	1+0
	K_PTRS=2, L_PTRS=1
	AWGN
	Moving UE: 0~65 
	7.2

	
	
	
	
	
	
	
	
	Stationary UE: 66~131
	

	1T2R
	120KHz
200MHz
	MCS16
	B
	10
	1+1
	K_PTRS=2, L_PTRS=1
	AWGN
	Moving 
UE: 0~65
	7.2

	
	
	
	
	
	
	
	
	Stationary UE: 66~131
	

	1T2R
	120KHz
200MHz
	MCS16
	B
	10
	1+1+1
	K_PTRS=2, L_PTRS=1
	AWGN
	Moving UE: 0~65 
	7.2

	
	
	
	
	
	
	
	
	Stationary UE: 66~131
	



Observation 5:  Similar performance can be achieved with different RS configurations 
4	Conclusion
In this contribution, the view on remaining issue for UL timing adjustment requirement is provided. Meanwhile, the initial simulation results are provided to analysis the impact of different RS configuration.
Observation 1:  No Doppler Shift is taken into account for scenario Y and scenario Z for HST
Proposal 1:  Align RS configuration with PUSCH and UL timing adjustment requirement, and define demodulation requirement with configured both 1 DMRS and 2 DMRS.  And apply the Rel-15 test applicability rule for BS conformance test, based on BS manufacturer declaration.
Proposal 2:  The SRS transmission location is the last symbol in slot#3 in radio frame.
Observation 2:  The propagation delay from two neighboring RRHs in Uni-directional scenario is larger than the CP length. 
Observation 3:  With larger TA command, the maximum adjustment can be up to 2us, which is still smaller than the maximum sudden change as 2.5us. The remaining propagation delay is about 0.5us, which is close to the length of CP.
Proposal 3:  Use test parameter A=1.25us, , Δw= 1.04s-1 for UL timing adjustment requirement  
Proposal 4:  The timing different between moving UE and stationary UE as Δt-(TA-31)x16*8Tc can be considered for UL timing adjustment requirement
Observation 5:  Similar performance can be achieved with different RS configurations 
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