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<Start of Change#1>

[bookmark: _Toc98503590][bookmark: _Toc99087590][bookmark: _Toc106097157][bookmark: _Toc137571738][bookmark: _Toc138878795][bookmark: _Toc138879018][bookmark: _Toc138879111][bookmark: _Toc138879204][bookmark: _Toc138879297]5.2	SFN HST scenario and RRH parameters
RAN4 will investigate both unidirectional and bidirectional SFN deployment scenarios for FR2 HST.
The exact understanding and definition of SFN still needs further discussion based on the following interpretations:
-	SFN Interpretation-1: All RRHs under one BBU transmit the same signal.
-	Selected RRH(s) for TX, depending on DPS Tx mode is used or not.
-	SFN Interpretation-2: All RRHs under one BBU in the same cell ID, but for different TCI.
-	Other interpretation is not precluded.
For full SFN JT and unidirectional RRH deployment, only consider following scenario:
-	The setting with only one TCI state transmission.
The value of Ds_offset implicitly limit the RRH beam direction, so there is no need to introduce additional restriction on RRH beam’s possible range of angle on azimuthal plane.
[bookmark: _Toc98503591][bookmark: _Toc99087591][bookmark: _Toc106097158][bookmark: _Toc137571739][bookmark: _Toc138878796][bookmark: _Toc138879019][bookmark: _Toc138879112][bookmark: _Toc138879205][bookmark: _Toc138879298]5.2.1	Unidirectional SFNdeployments
For the unidirectional scenario RAN4 will consider SFN a scenario. Hence, where, one panel per RRH pointed to the same direction for all RRHs (figure 5.2.1-1).
[image: A computer graphics of a machine

Description automatically generated with medium confidence]
Figure 5.2.1-1 HSTSFN scenario with one panel per RRH pointing to the same direction for all RRHs
For the unidirectional scenario the following unidirectional deployment scenario in table 5.2-1 will be prioritized:
Table 5.2-1: Assumed deployment parameters for unidirectional scenario.
	Parameter
	Value

	Ds and Dmin
	Scenario 2: Ds = 700m and Dmin = 10m
Scenario 4: Ds = 700m and Dmin = 150m

	RRH height
	15m

	Number of RRH sites per BBU
	4

	Number of RRH panels per RRH sites
	1 (i.e. unidirectional) Note 1

	Number of analog beams per RRH panel
	1 or 2 Note 2

	RRH panel orientation
	Option 1: RRH panel boresight pointed to the railway at the direction of Ds (projection of the neighboring RRH on the railway).
Option 2: other options not precluded

	Analog beam orientation
	Based on companies’ selection for better performance

	Note 1:	For JT for all channels, 1 beam per RRH panel is considered.
Note 2:	For DPS, 1 or 2 analog beams per RRH panel can be considered.



Number of Beam for unidirectional RRH deployment, Scenario 2:
-	For scenario 2, unidirectional, RRH parameter: 1 beam per RRH panel; and
-	For scenario 2, unidirectional, UE parameter:
a)	1 beam per panel; and
b)	2 panels assumed to be implemented in the UE side; and
c)	Only the one active panel per UE can be used for Tx and Rx; and FFS whether another panel can be used for beam search
RRH switching point for unidirectional RRH deployment, Scenario 2, figure 5.2.1-2:
-	RRH switching point is where the UE switches from the source RRH beam to the target RRH beam based on maximizing SNR among detected beams.
[image: A drawing of a car and a satellite

Description automatically generated with medium confidence]
Figure 5.2.1-2: RRH switching point for unidirectional RRH deployment.
Number of Beam for unidirectional RRH deployment, Scenario 4:
-	For scenario 4, unidirectional, RRH parameter:
a)	1 beam per RRH panel; or
b)	2 beams per RRH panel; or
c)	3 beams per RRH panel; or
d)	4 beams per RRH panel.
Note that uneven separation between beams can be considered. 
RAN4 agreed that at least 2 beams per RRH panel is considered. Other options are not precluded, and it is FFS whether there are benefits of implementing more beams per RRH panel.
-	For scenario 4, unidirectional, UE parameter:
a)	1 beam per UE panel; or
b)	2 beams per UE panel; or
c) 	7 beams per UE panel.
RAN4 assumes 2 panels to be implemented in the UE side. Only the one active panel per UE can be used for Tx and Rx; and FFS whether another panel can be used for beam search.
RAN4 decided that at least option a) of having 1 beam per panel is considered. Other options are not precluded, and it is FFS whether there are benefits of implementing more beams per UE panel.

[bookmark: _Toc98503592][bookmark: _Toc99087592][bookmark: _Toc106097159][bookmark: _Toc137571740][bookmark: _Toc138878797][bookmark: _Toc138879020][bookmark: _Toc138879113][bookmark: _Toc138879206][bookmark: _Toc138879299]5.2.2	Bidirectional SFNdeployment
For the bidirectional scenario RAN4 will consider SFN a scenario where there is one panel per RRH with signals to opposite directions along the track (figure 5.2.2-1). 
[image: A screenshot of a computer

Description automatically generated]
Figure 5.2.2-1 SFN HST scenario with one panel per RRH
Additionally, also SFN scenario where there are two panels per RRH (figure 5.2.2-2).
[image: A diagram of a train

Description automatically generated]
Figure 5.2.2-2 SFN HST scenario with two panels per RRH
For the bi-directional scenario the following bi-directional deployment scenario in table 5.2-2 will be studied:
Table 5.2-2: Assumed deployment parameters for bi-directional scenario.
	Parameter
	Value

	Ds and Dmin
	Scenario 2: Ds = 700m and Dmin = 10m
Scenario 4: Ds = 700m and Dmin = 150m

	RRH height
	15m

	Number of RRH sites per BBU
	4

	Number of RRH panels per RRH sites
	2 (i.e. bi-directional)

	Number of analog beams per RRH panel
	1, 2 or 4

	RRH panel orientation
	Option 1: RRH panel boresight pointed to the railway in the middle point between 2 RRHs.
Option 2: RRH panel boresight pointed to the railway at the distance of Ds (projection of the neighboring RRH on the railway). Other options not precluded.

	Analog beam orientation
	Based on companies’ selection for better performance



Candidate schemes for bi-directional deployment for further analysis, scenario 2:
[image: A diagram of a network

Description automatically generated]
Figure 5.2.2-3: Connecting to 2nd-Nearest RRH

[image: A diagram of a network

Description automatically generated]
Figure 5.2.2-4: Scheme-2: Connecting to Nearest RRH except Coverage Hole
For Scenario 2 bi-directional RRH deployment:
-	[Scheme 1 under bi-directional scenario is feasible without coverage hole issue, and no propagation delay jump between switching points];
-	Scheme-2 can be used as starting points for further analysis.
Number of beams for bi-directional RRH deployment, Scenario 2:
-	For scenario 2, bi-directional, RRH parameter: 1 beam per RRH panel, two panels in opposite directions; and
-	For scenario 2, bi-directional, UE parameter: 1 beam per UE panel (i.e., 2 beams per UE).
Candidate schemes for bi-directional deployment for further analysis, for scenario 4:
[image: A diagram of a network

Description automatically generated]
Figure 5.2.2-5: Connecting to 2nd-Nearest RRH 
[image: A diagram of a network
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Figure 5.2.2-67: Scheme-2: Connecting to Nearest RRH except Coverage Hole

[image: A tower with numbers and lines

Description automatically generated]
Figure 5.2.2-7: Scheme-3: Connecting to Nearest RRH except the area under the RRH
For Scenario 4 bi-directional RRH deployment: the schemes above can be used as starting points for further analysis.
Number of beams for bi-directional RRH deployment, Scenario 4:
-	For scenario B, bi-directional, RRH parameter:
a)	1 beam per RRH panel; or
b)	2 beams per RRH panel; or
c)	3 beams per RRH panel; or
d)	4 beams per RRH panel.
Note that uneven separation between beams can be considered. 
RAN4 agreed that at least 2 beams per RRH panel is considered. Other options are not precluded, and it is FFS whether there are benefits of implementing more beams per RRH panel.
-	For scenario 4, bi-directional, UE parameter:
a)	1 beam per UE panel; or
b)	2 beams per UE panel; or
c) 	7 beams per UE panel.
RAN4 assumes 2 panels to be implemented in the UE side. Only the one active panel per UE can be used for Tx and Rx; and FFS whether another panel can be used for beam search.
RAN4 decided that at least option a) of having 1 beam per panel is considered. Other options are not precluded, and it is FFS whether there are benefits of implementing more beams per UE panel.
For bi-directional RRH deployment, DPS transmission scheme shall be considered.

<End of Change#1>



<Start of Change#2>
[bookmark: _Toc98503661][bookmark: _Toc99087661][bookmark: _Toc106097232][bookmark: _Toc137571814][bookmark: _Toc138878871][bookmark: _Toc138879094][bookmark: _Toc138879187][bookmark: _Toc138879280][bookmark: _Toc138879373]7.2.2	Connected mode
For connected mode mobility RAN4 agreed not to support RRC Release with Redirection in the FR2 HST scenario.
RAN4 agreed to revise the TCI state known conditions for the FR2 HST scenario.
Concerning requirements for when UE is applying long DRX RAN4 agreed to apply the existing R16 requirements for when the long DRX cycles are used, i.e. above the upper bound of DRX cycle.
HST FR2 enhanced requirement is applied to SMTC <=40ms. SMTC periodicity is not restricted.
For handover and the criteria of known cell for FR2, the target FR2 cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds; otherwise, it is unknown.
For RLM and BFD the current sharing factor P and PCBD can be reused for FR2 HST.
For the Connected mode, RAN4 assumes that as baseline for developing the UE requirements, the DRX upper bound for enhanced RRM HST FR2 requirements is [80]ms
For Handover RAN4 will not enhance requirements for HO to unknown cell. Additionally, as current, if the target cell is a known cell, then Tsearch = 0 ms.
Deployment-related issues:
The DRX upper bound = 80 ms applies both to Sets 1 (Scenario-A) and 2 (Scenario-B), there will be no special consideration for two-side RRH deployment for RRM requirements definition.
For the change of RRH panel orientation in uni-directional deployments RAN4 will not define defined additional network signalling to identify to the UE a change of RRH panel orientation in uni-directional deployment.
For RLM/BFD requirements:
It was agreed that the existing 1280ms duration for known condition is applied for FR2 HST scenario. RAN4 will further study the RLM/BFD requirements for DRX <=80ms for FR2 HST scenarios:
-	Option 1: following RX beam factor for set-1 and set-2
-	Option 2: The existing RLM/BFD requirements for DRX <=80ms is applied
For CSI-RS based RLM and BFD, there is no standard impact for Rel-17 FR2 HST UE (i.e., FR2 PC6 UE).
For CBD requirements:
RAN4 will not develop enhancement on CBD requirements for DRX <=80ms.
For PSS/SS and intra-frequency measurement:
It was agreed to reuse the Rel-16 FR1 HST scaling factor M2 for FR2 HST with the same SMTC periodicity bound of 40ms unless technical issues identified
For L1-RSRP measurement:
RAN4 will reuse the Rel-16 FR1 HST scaling factor K for FR2 HST L1-RSRP measurement requirement, with the same SMTC periodicity bound of 40ms unless technical issues identified. It is also agreed to define separate sets of requirements for deployment Scenarios A and B
Table 7.2.2-1: L1-RSRP measurement requirements for deployment Set-1.
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms)

	non-DRX
	max(TReport, ceil(M*P*NA)*TSSB)

	DRX cycle ≤ 80ms
	max(TReport, ceil(M*P*NA*M2)*max(TDRX,TSSB))

	NOTE 1:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
NOTE 2: 	M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1


NA = 2
Table 7.2.2-2: L1-RSRP measurement requirements for deployment Best-2.
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms)

	non-DRX
	max(TReport, ceil(M*P*NB)*TSSB)

	DRX cycle ≤ 80ms
	max(TReport, ceil(M*P*NB*M2)*max(TDRX,TSSB))

	NOTE 1:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
NOTE 2: 	M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1


NB = 6
RAN4 is still FFS whether enhanced requirement should be applied to other than PC6 UEs even when HST FR2 flags are configured.
Scheduling Restrictions:
Concerning scheduling restriction related to large propagation delay difference caused by inter-RRH beam switching in FR2 HST:
-	Option 1: FFS the necessity of UL scheduling restriction (i.e., the UE is not expected to transmit PUCCH/PUSCH/SRS) after cross-RRH TCI state switch until the first TRS is received after the TCI state switch; or
-	Option 2: RAN4 introduce scheduling restriction for the symbol before and after reference symbols used for L1-RSRP measurement and Such scheduling restriction shall be specified in clauses of L1 measurement (i.e., L1-SINR and L1-RSRP).
It was agreed that no enhancements are needed in HO requirement. Additionally, it was agreed not to define RRC Re-establishment requirement to known cell for HST FR2. RAN4 will define RRC connection re-establishment requirement to unknown NR intra-frequency cell Tidentify_intra_NR = MAX (1000 ms, 10 x N1 x TSMTC) when SINR≥ -8dB, the value of N1 refers to agreed RX beam number.
Cell detection requirements for Set 1:
Table 7.2.2-3: Time period for PSS/SSS detection when [flag1] is configured, (Frequency range FR2). 
	DRX cycle 
	TPSS/SSS_sync_intra 

	No DRX 
	max(600ms, ceil([6] x Kp x Klayer1_measurement)  x SMTC period)Note 1 x CSSFintra 

	DRX cycle≤ 80 ms
	max(600ms, ceil([6] x M2Note 2 x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	80ms< DRX cycle≤ 320ms 
	max(600ms, ceil(M2 x Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms 
	ceil(Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement)  x DRX cycle x CSSFintra 

	NOTE 1: 	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified 
NOTE 2: 	M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1



Cell detection requirements for Set 2:
Table 7.2.2-4: Time period for PSS/SSS detection when [flag2] is configured, (Frequency range FR2). 
	e
	TPSS/SSS_sync_intra 

	No DRX 
	max(600ms, ceil([18] x Kp x Klayer1_measurement)  x SMTC period)Note 1 x CSSFintra 

	DRX cycle≤ 80ms
	max(600ms, ceil([18] x M2Note 2 x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	80ms< DRX cycle≤ 320ms 
	max(600ms, ceil(M2 x Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms 
	ceil(Mpss/sss_sync_w/o_gaps  x Kp x Klayer1_measurement)  x DRX cycle x CSSFintra 

	NOTE 1: 	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified 
NOTE 2: 	M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1



Measurement period for Set-1:
Table 7.2.2-5: Measurement period for intra-frequency measurements without gaps when [flag1] is configured (FR2). 
	DRX cycle 
	T SSB_measurement_period_intra   

	No DRX 
	max(400ms, ceil([6] x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra 

	DRX cycle≤ 80ms
	max(400ms, ceil([6] x M2Note 2 x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	80ms< DRX cycle≤ 320ms 
	max(400ms, ceil(M2x Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra  

	DRX cycle>320ms 
	ceil(Mmeas_period_w/o_gaps xKp x Klayer1_measurement ) x DRX cycle x CSSFintra 

	NOTE 1: 	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified 
NOTE 2: 	M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1



Measurement period for Set-2:
Table 7.2.2-6: Measurement period for intra-frequency measurements without gaps when [flag2] is configured (FR2). 
	DRX cycle 
	T SSB_measurement_period_intra   

	No DRX 
	max(400ms, ceil([18] x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra 

	DRX cycle≤ [80ms] 
	max(400ms, ceil([18] x M2Note 2 x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	80ms< DRX cycle≤ 320ms 
	max(400ms, ceil(M2x Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra  

	DRX cycle>320ms 
	ceil(Mmeas_period_w/o_gaps xKp x Klayer1_measurement ) x DRX cycle x CSSFintra 

	NOTE 1: 	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified 
NOTE 2: 	M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1



RAN4 agreed to define the scaling factors factors (Mpss/sss_synch_w/o_gaps and Mmeas_period_w/o_gaps) equal to 6 for Set 1 and [18] for Set 2.
Define scaling factor N for no DRX and DRX cycle <=80 ms by following the number of RX beams per UE for Set 1 and Set 2: Set 1: 2 RX beams; (2) Set 2: 6 RX beams.
TCI switching delay:
RAN4 will introduce additional TCI switching delay for UE to perform fine downlink timing tracking. Additionally, an additional symbol of delay during TCI switching when TOk=0 for PC6 UEs will be defined
Uplink Spatial Relation Switch Delay:
For the known conditions for spatial relation when associated with DL-RS, the requirement defined in Rel-16 shall be reused, and no standard impact is expected for Rel-17 FR2 HST

[bookmark: _Toc137571815]7.2.2.1	UE UL transmit timing
RAN4 discussed the UE requirements related to UE transmit timing and the UE gradual timing adjustment if the necessary adjustments to be made to the UE uplink timing exceed the current adjustment rules.
RAN4 agreed that it is up to network configuration to enable one shot large uplink timing adjustment mechanism. If one shot large uplink timing adjustment is disabled, existing uplink timing adjustment, i.e., RA based mechanism, and related existing RAN4 requirements will be applied when needed. Otherwise, RAN4 will introduce a mechanism for one shot large uplink timing adjustment for FR2 HST scenarios with UE allowed to adjust uplink timing beyond Tq.
With network signalling to enable one shot large timing adjustment UE shall apply one shot large timing adjustment on TCI switching occasion if UE measurement on DL timing difference is larger than a timing difference threshold:
-	Option 1: 9*64*Tc = CP/2
-	Option 2: Tq = 4.5*64*TC = CP/4
-	Option 3: Select a threshold from above options or new options, and the performance degradation due to timing error on both DL and UL to UE and network after TCI state switch is expected if network assistant signalling to inform UE on cross RRH TCI state switch is not introduced.
-	Other options are not precluded
RAN4 will further study RRM requirement, and acceptable value of residual error in UE large one-shot UL timing adjustment. RAN4 will further discuss the accuracy performance and testing issues based on conclusion of related procedures.
Random Access Procedure:
No specification change shall be introduced for the current RA procedure due to Rel-17 FR2 HST. 
[bookmark: _Toc137571816][bookmark: _Toc138878872][bookmark: _Toc138879095][bookmark: _Toc138879188][bookmark: _Toc138879281][bookmark: _Toc138879374]7.2.2.1.1	Random Access based timing adjustment
When large one-shot UL timing adjustment procedure is disabled, i.e., when the highSpeedLargeOneStepUL-TimingFR2-r17 flag defined in TS 38.331 is false, there is still a need to adjust UL timing of the UE to address a large difference in radio propagation delays in between the source and the target beams.
A large jump in propagation delays is typical for inter-RRH TCI state switch in uni-directional scenarios, e.g., shown in Figure 5.2.1-2. However, RAN4 has also agreed that highSpeedLargeOneStepUL-TimingFR2-r17 signaling is not limited to a particular FR2 HST deployment and/or scenarios, i.e., bi-directional scenario or uni-directional scenario. Therefore, network-based solution shall also be applicable for the bi-directional scenarios (e.g., shown in Figures 5.2.2-5,6,7) where the jump in propagation delays cannot be avoided either.
Since beam management procedures were originally designed in NR Rel-15, it is generally assumed that the Tx beams are collocated, i.e., a large propagation delay difference in between the source and the target beams is not expected. Hence, TCI state change does not imply any explicit UL synchronization procedure, such as RA as a part of HO.
The straightforward approach in the term of HST FR2 Rel-17 WI is to use already existing and standardized procedures for UL timing adjustment. Random Access (RA) towards the target TCI state provides a possibility for the network to measure the propagation delay from the RA preamble and to signal the accurate UL timing advance value with random access reply (RAR). Transmission of RA preamble itself can be triggered with the PDCCH order.
An example of sequence diagram of the procedure is shown in Figure 7.2.2.1-1. The upper box includes the beam management related operations that are repeated periodically, such as transmission of reference signals in the UL, network-initiated and small-scale autonomous UL timing adjustments, beam/SSB measurements, detection, and reporting, etc. The core of the network-controlled UL timing adjustment mechanism is contained in the lower box that is executed when the NW triggers TCI state switch.


[bookmark: _Hlk101532772]Figure 7.2.2.1-1: A sequence diagram of RA-based UL timing adjustment at TCI state switch.
7.2.2.1.2	Large one-shot and gradual UL transmit timing adjustment
The assumed typical inter-RRH distance in HST FR2 deployments is 750 m that results in around 2.5us propagation delay difference in between the RRHs in Scenario-A. Since the UE is synchronized to the DL signals that already include propagation delay, the necessary adjustment in UL TX timing at the inter-RRH beam switch is twice as large as the DL propagation delay difference and equals = 5.0us as standartized in Caluse 7.1.2.3 of TS 38.133, where
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with new target TCI state.
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with old source TCI state.
After one-shot adjustment the UE may starts to apply gradual timing adjustment procedure to compensate for the large one-shot timing adjustment and to align the information about UL TA in between the UE and the network.
For the HST FR2 scenarios, the value of Tq was redefined and equals 4.5*64*Tc = 147ns for 120 kHz SCS. This means that the UE can adjust uplink timing following the rules from Clause 7.1.2.1:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The maximum aggregate adjustment rate shall be Tq per 200 ms for SCS of UL signals smaller or equal to 120 kHz and 100 ms for SCS of upling signals larger or equal to 480 kHz.
For the train travelling at maximum speed of 350km/h it takes 7.7s to cover the inter-RRH distance of 750m. Taking into account that the Tq adjustments can be made every 200ms, 38 consecutive gradual timing adjustments can be made by the UE. This results in 5.6us of total accumulated timing adjustment.
Hence, the sequence of gradual timing adjustments can be potentially used to align UL TA value in between the UE and the network to the moment of the next expected TCI state switch in a typical HST FR2 deployment.

<End Of Change#2>
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