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Introduction
In the previous RAN4 meetings the scope of HST FR2 BS demodulation performance requirements was limited to the following three areas:
· PUSCH requirements
· UL timing adjustment requirements
· PRACH requirements
The latest RAN4#99-e meeting discussions are summarised in the email summary [1].
In this paper, we focus on the details of the HST FR2 BS test setup for UL timing adjustment. We share our views on the following issues that left open after the previous RAN4 meeting #99-e and were included into the WF [2]: CBW, PUSCH resource allocation between UE1 and UE2, MCS, SRS configuration, timing offset parameters.
Some of the relevant parameters are discussed in more details in our accompanying contribution on HST FR2 PUSCH requirements [3].


Discussion
General
According to the TS 38.104, in the tests for UL timing adjustment, two signals are configured, one being transmitted by a moving UE and the other being transmitted by a stationary UE. However, there is an agreement in the WF FR2 HST Deployment Scenario Analysis [4] that
	· Dedicated network for roof-mounted CPE: 
· RAN4 assume that in HST FR2 Scenario A and B, only high-speed CPEs installed on the roof of the train can be present in the network.
· No need to differentiate roof-mounted CPE from other FR2 UEs in HST FR2 scenario.



Therefore, the situation when there is a stationary CPE connected to the same RRH together with a moving CPE is not very typical. This scenario is much more probable in HST FR1 scenario where regular stationary UE on the side of the railway track is connected to the same cell together with a UE in a moving train.
The scenario assumed by the UL timing adjustment requirements when moving and stationary CPEs are connected to the same cell are not very typical in HST FR2 deployments.
RAN4 to limit the scope of UL timing adjustment requirements as much as possible and minimize the number of tests.
There is already ongoing discussion of HST FR2 BS requirements for PUSCH, and UL timing adjustment requirements share common parameters with PUSCH requirements. In our opinion, such UL timing adjustment test parameters as CBW, RS configuration, MCS, and length of PUSCH allocation shall be either the same with PUSCH parameters or be rather a subset of those.
The following options were listed in the WF [2]:
	· CBW
· Align CBW for UL adjustment and PUSCH demodulation
· Option 1: 100MHz, and 50MHz with test applicable rule
· Option 2: 200MHz, and 50MHz with test applicable rule
· Option 3: 100MHz only
· Option 4: 200MHz only

· RS configuration
· Option 1: 1 DMRS+PTRS (L=1,K=2)
· Option 2: 2 DMRS+PTRS (L=1,K=2)
· Option 3: 3 DMRS+ PTRS (L=1,K=2)

· Length of PUSCH allocation 
· Align with PUSCH for UL timing adjustment
· Option 1: 10
· Option 2: 9

· MCS
· Align with PUSCH for UL timing adjustment 
· Option 1: MCS16
· Option 1a: Additional margin can be considered for performance requirement definition to allow different implementation if needed
· Option 2: both MCS16 and MCS17
· Define requirements with MCS17 up to BS declaration support
· Option 3:Align MCS for UL timing adjustment and PUSCH demodulation requirement, configure highest MCS that remains blow 20dB SNR, i.e., MCS20



Following our proposals in the accompanying paper on PUSCH requirement [3] and Proposal 1, we make the proposals below on UL timing adjustment requirements.
RAN4 to define at least one additional DM-RS per slot in UL timing adjustment requirements in HST FR2 scenario.
There is an existing applicability rule for PUSCH performance requirements for different channel bandwidth in TS 38.141-2:
	For each subcarrier spacing declared to be supported, the test requirements for a specific channel bandwidth shall apply only if the BS supports it (see D.14 in table 4.6-1).

Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest supported 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.



If a similar applicability rule can be introduced for UL timing adjustment, it should be sufficient to define the requirements at least for 50MHz and 100MHz CBWs. 
There is an applicability ruler introduced in TS 38.141-1/2 for PUSCH requirements that the tests shall be done only for the widest supported channel bandwidth.
RAN4 either to confirm that the exiting PUSCH applicability rule for different channel bandwidth is also true for UL timing adjustment requirements or define an new applicability:
“For each subcarrier spacing declared to be supported, the test requirements for a specific channel bandwidth shall apply only if the BS supports it.
Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest supported 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.”
RAN4 to define UL timing adjustment requirements at least for 50MHz and 100MHz CBW.

From Rel-16 HST we also observe:
UL timing adjustment requirement for HST FR1 are defined only 16QAM.
Taking Observations 1 and 3 into consideration, this leads us to the following proposals:
RAN4 to define HST FR2 UL timing requirements only for MCS16.

Following the same considerations presented in our accompanying paper on HST FR2 PUSCH requirements [3]:
RAN4 to define HST FR2 UL timing requirements for the 10-symbol PUSCH allocation length.

PUSCH resource allocation
The following options were listed in the WF [2] for PUSCH resource allocation:
	· PUSCH resource allocation 
· Option 1
· Moving UE: 0~32 for 100 MHz CBW, FFS 0~15 for 50 MHz CBW
· Stationary UE: 33~65 for 100MHz CBW, FFS 16~31 for 50MHz CBW
· Option 2: Align CBW for UL timing adjustment and PUSCH demodulation 
· Moving UE: 0~32 for 100 MHz CBW
· Stationary UE: 33~65 for 100MHz CBW
· Option 3
· Moving UE: 0~65 for 200 MHz CBW
· Stationary UE: 66~131 for 200 MHz CBW



Conducted UL timing adjustment requirements in TS 38.104, Clause 8.2.5 are defined for 10MHz CBW (15kHZ SCS) and 40MHz (30kHz SCS). The resource blocks allocated for both UEs in UL timing requirements are consecutive and the total BW is divided in two halves (starting RB for moving UE is always 0):
· 15kHz SCS, 10MHz CBW: in total 52 RBs; 25 RB for each UE; starting RB for stationary UE 25.
· 30kHz SCS, 40MHz CBW: in total 106 RBs; 50 RB for each UE; starting RB for stationary UE 50.
Following the same principle in HST FR2 UL timing requirement and taking into account the only 120kHZ SCS is considered, we get
· 50MHz CBW: 32 RBs; 16 RBs for each UE; Moving UE RBs: 0~15; Stationary UE RBs: 16~31.
· 100MHz CBW: 66 RBs; 32 RBs for each UE; Moving UE RBs: 0~31; Stationary UE RBs: 32~64.
· 200MHz CBW: 132 RBs; 66 RBs for each UE; Moving UE RBs: 0~65; Stationary UE RBs: 66~131.

In general, the following PUSCH resource allocations between stationary and mobile UE can be considered:
· 50MHz CBW: 16 RBs for each UE; Moving UE RBs: 0~15; Stationary UE RBs: 16~31.
· 100MHz CBW: 32 RBs for each UE; Moving UE RBs: 0~31; Stationary UE RBs: 32~64.
· 200MHz CBW: 66 RBs for each UE; Moving UE RBs: 0~65; Stationary UE RBs: 66~131.

Define PUSCH resource allocation configurations only for the CBWs that are agreed to be included into performance requirements (i.e., align CBW for UL timing adjustment and PUSCH demodulation).

SRS bandwidth configuration
The following agreements and options were listed in the WF [2] on SRS bandwidth configuration:
	· SRS bandwidth configuration 
· Option 1 
· Option 1a 
· C_SRS =11, B_SRS =0 for 40RB, with 100 MHz CBW
· C_SRS = 5, B_SRS=0 for 20RB, with 50 MHz CBW
· Option 1b
· C_SRS =9, B_SRS =0 for 32RB, with 100 MHz CBW
· Option 1c
· C_SRS =17, B_SRS =0 for 64RB, with 100 MHz CBW
· C_SRS = 9, B_SRS=0 for 32 RB, with 50 MHz CBW
· Option 2: C_SRS=33, B_SRS=0 for 132RB with 200MHz CBW
· SRS Transmission comb: KTC=2 
· SRS Transmission periodicity : KSRS=10
· Slots in which sounding RS is transmitted
· The last symbol in slot#3 in radio frames for 120KHz SCS



The transmission of SRS from UE is optional. SRS bandwidth configuration is standardized in TS 38.211, Table 6.4.1.4.3-1. CSRS defines the range of RBs for SRS transition, i.e., for BSRS = 0 (wideband SRS resource allocation without frequency hopping), CSRS=5 shall be transmitted across 20 RBs, CSRS=9 – 32 RBs, CSRS=11 – 40 RBs, CSRS=17 – 64 RBs, CSRS=33 – 132 RBs.
SRS Transmission comb KTC=2 means that users are multiplexed in frequency domain, and every second sub-carrier is allocated to the SRS of the UE (see Clause 6.4.1.4.3). As far as total CBW is divided equally between two UEs (see previous section), it makes sense to cover the whole CBW with SRS range. 
CSRS defines the range of RBs for SRS transition and should be selected in such a way that the whole CBW equally split between stationary and moving UE is covered by SRS.
The following correspondence between CBW and CSRS parameter should be used depending on the agreed CBWs to be included in the requirements:
· 50MHz CBW (32 RBs) - CSRS=9 (32 RBs)
· 100MHz CBW (66 RBs) - CSRS=17 (64 RBs)
· 200MHz CBW (132 RBs) - CSRS=33 (132 RBs)
Keep HST FR1 agreement that transmission of SRS in UL timing requirements is optional.

Test parameters for timing offset
The following options were listed in the WF [2] on timing offset test parameters:
	· Test Parameters for timing offset
· Option 1: 
· A: 1.25 us
· Δw:  1.04 s-1
· Option 2:  FFS on A =2.5 us

· Test Parameters for timing offset
· Option 1 
· [Δt-(TA-31)x16*8Tc]
· Note: The timing different can be updated with taken into account the output of possible enhancements for timing adjustment command discussion in RRM session



Following the moving propagation conditions model defined in TS 38.104, Appendix G.4:

If we assume that the paramters previously used in LTE and NR FR1 are correct, the model can be interpreted in the following way:
· A is the maximum  possible with respect to the stationary UE in the center of the cell. 
· We can assume that the maximum cell size reduces with SCS, i.e. cell range is defined by CP length. 
· As specified in TS 38.104: for 15 kHz: 10 ms, 30 kHz: 5 ms
· Following the same logic, 1.25 ms is the value of A for 120kHz SCS.
· We can also assume that  scales with SCS, as the time to cross the cell needs to scale with cell size as well, to keep the speed constant.
· As specified in TS 38.104,  equals: 15 kHz: 0.13 s-1, 30 kHz: 0.26 s-1
· Following the same logic 1.04 s-1 is the value of  for 120kHz SCS
These values also coincide with the values calculated following the initial UL TA tdocs [R4-080223] (1.25us, 1.0378s-1).
The parameters for UL timing adjustment: A = 1.25 ms,  = 1.04 s-1 correpond to 120kHz SCS and shall be used for HST FR2 requirements.

Starting with time difference converstaion to TAC steps, based on TS 38.213, Clause 4.2 we see
	... [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: ].



Taking into account μ=3 for 120kHz SCS, we get that TA in seconds equals ([image: ]-31)*16*8Tc. Therefore, the Option 1 proposed in the WF should be correct.
 The timing offset model Δt-(TA-31)x16*8Tc shall be used in HST FR2 UL timing adjustment requirements.

Summary of parameters
Below, in Table 1 and we summarize all UL timing requirements configurations discussed above.
Table 8.2.5-1 Test parameters for testing UL timing adjustment
[bookmark: _Ref77932167]Table 1: Test parameters for testing UL timing adjustment (based on table 8.2.5-1 from TS 38.104)
	Parameter
	Value

	Transform precoding
	Disabled

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

	Channel bandwidth
	[50 MHz, 100 MHz, 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

	
	Additional DM-RS position
	pos1

	
	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: 16 RB,
100MHz CBW: 32 RB,
200MHz CBW: 66RB] for each UE

	
	Starting PRB index
	Moving UE: 0,
Stationary UE:
[16 for 50 MHz CBW,
32 for 100 MHz CBW,
66 for 200 MHz CBW]

	
	Frequency hopping
	Disabled

	SRS resource allocation
	Slots in which sounding RS is transmitted (Note 1)
	Last symbol in slot #3 in radio frames.

	
	SRS resource allocation
	[CSRS = 9, BSRS =0 for 50MHz CBW,
CSRS = 17, BSRS =0 for 100MHz CBW,
CSRS = 33, BSRS =0 for 200MHz CBW]

	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 2: Parameters of propagation conditions for UL timing adjustment (based on Table G.4.-1 from TS 38.104)
	Parameter
	Scenario Y

	Channel model
	Stationary UE: AWGN 
Moving UE: AWGN

	UE speed
	350 km/h

	CP length
	Normal

	A
	1.25μs

	Dw
	1.04 s-1




Conclusion
In this contribution, we have analysed in detail the HST FR2 BS test setup for UL timing adjustment.
The following proposals and observations were made:
In general, on UL timing adjustment requiremetns:
1. The scenario assumed by the UL timing adjustment requirements when moving and stationary CPEs are connected to the same cell are not very typical in HST FR2 deployments.
1. RAN4 to limit the scope of UL timing adjustment requirements as much as possible and minimize the number of tests.
RAN4 to define at least one additional DM-RS per slot in UL timing adjustment requirements in HST FR2 scenario.
There is an applicability ruler introduced in TS 38.141-1/2 for PUSCH requirements that the tests shall be done only for the widest supported channel bandwidth.
RAN4 either to confirm that the exiting PUSCH applicability rule for different channel bandwidth is also true for UL timing adjustment requirements or define an new applicability:
“For each subcarrier spacing declared to be supported, the test requirements for a specific channel bandwidth shall apply only if the BS supports it.
Unless otherwise stated, for each subcarrier spacing declared to be supported, the tests shall be done only for the widest supported 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.”
RAN4 to define UL timing adjustment requirements at least for 50MHz and 100MHz CBW.
UL timing adjustment requirement for HST FR1 are defined only 16QAM.
RAN4 to define HST FR2 UL timing requirements only for MCS16.
RAN4 to define HST FR2 UL timing requirements for the 10-symbol PUSCH allocation length.

On PUSCH resource allocation:
In general, the following PUSCH resource allocations between stationary and mobile UE can be considered:
· 50MHz CBW: 16 RBs for each UE; Moving UE RBs: 0~15; Stationary UE RBs: 16~31.
· 100MHz CBW: 32 RBs for each UE; Moving UE RBs: 0~31; Stationary UE RBs: 32~64.
· 200MHz CBW: 66 RBs for each UE; Moving UE RBs: 0~65; Stationary UE RBs: 66~131.
Define PUSCH resource allocation configurations only for the CBWs that are agreed to be included into performance requirements (i.e., align CBW for UL timing adjustment and PUSCH demodulation).

On SRS bandwidth configuration:
CSRS defines the range of RBs for SRS transition and should be selected in such a way that the whole CBW equally split between stationary and moving UE is covered by SRS.
The following correspondence between CBW and CSRS parameter should be used depending on the agreed CBWs to be included in the requirements:
· 50MHz CBW (32 RBs) - CSRS=9 (32 RBs)
· 100MHz CBW (66 RBs) - CSRS=17 (64 RBs)
· 200MHz CBW (132 RBs) - CSRS=33 (132 RBs)
Keep HST FR1 agreement that transmission of SRS in UL timing requirements is optional.



On test parameters for timing offset:
The parameters for UL timing adjustment: A = 1.25 ms,  = 1.04 s-1 correpond to 120kHz SCS and shall be used for HST FR2 requirements.
The timing offset model Δt-(TA-31)x16*8Tc shall be used in HST FR2 UL timing adjustment requirements.


References
[1] R4-2108695, Email discussion summary for [99-e][329] NR_HST_FR2_Demod, Moderator (Samsung), RAN4#99-e.
[2] R4-2108637, WF for FR2 HST Demodulation, Samsung, RAN4#99-e.
[3] R4-2114558, On HST FR2 PUSCH requirements, Nokia, Nokia Shanghai Bell, RAN4#100-e.
[4] R4-2108660, WF on FR2 HST Deployment Scenario Analysis, Samsung, RAN4#99-e.
image1.wmf
A

T


image2.wmf
TA

N


image3.wmf
TA_old

N


image4.wmf
TA_new

N


image5.wmf
15

2

×

m


image6.wmf
(

)

m

2

64

16

31

A

TA_old

TA_new

×

×

-

+

=

T

N

N


