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Introduction
In RAN4 #101-bis-e, Timing requirements from 52.6GHz to 71GHz was discussed. A WF [1] related to UE transmit timing error, MTTD/MRTD and deriveSSB-IndexFromCell tolerance was duplicated as below:
	Percentage of UL CP length Te can occupy for UL SCS of 480/960 kHz
· UE transmit timing error requirements for UL SCS of 480/960 kHz are defined under the following assumptions
· SCS:
· SSB SCS ≥ UL SCS
· FFS if other SCS combinations shall be considered
· At least one SSB is available at the UE during the last: 20ms, 40ms, 80ms
· Note: If multiple set of requirements are defined, then the requirements will be defined for at most for 2 periodicities
· Max delay spread: 
· [30ns] for 480kHz 
· [20ns] for 960kHz
· FFS if a single set or multiple sets of requirements need to be defined
FFS how to design test case for UE transmit timing error requirement
Basic principles
· Define MRTD requirements in FR2-2 based on the following rules in:
· For Async cases: MRTD = 0.5 slot
· For sync cases: MRTD = TAE + propagation delay difference
· FFS whether and how to change the MRTD definition, so that it could be larger than 0.5 slot.
Propagation delay difference
· For FR2-2 and FR2-2, there is no propagation delay difference 
MRTD for intra-band non-contiguous CA
· The MRTD requirement for intra-band non-contiguous NR CA need to continue waiting for the TAE conclusion from RF group.
MRTD for FR1 and FR2-2 inter-band CA
· The MRTD requirements for FR2 inter-band CA is only applicable for FR2-1. For the MRTD requirements for inter-band NR carrier aggregation, update Table 7.6.4-2 for FR2-2 as below:
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2-1
	8 note1

	Between FR1 and FR2-1
	25 

	Between FR1 and FR2-2
	TBD 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.


MRTD for FR1 and FR2-2 NR DC - Synchronous
· The MRTD requirements for FR2 +FR2 inter-band CA is only applicable for FR2-1+FR2-1. For the MRTD requirements for inter-band synchronous NR DC, update Table 7.6.6-1 for FR2-2 as below:
Table 7.6.6-1: Maximum receive timing difference requirement for inter-band synchronous NR DC
	Frequency Range
	Maximum receive timing difference (µs) 

	Cell in MCG
	Cell in SCG
	

	FR1
	FR1
	33

	FR2-1
	FR2-1
	8

	FR1
	FR2-1
	33

	FR1
	FR2-2
	TBD


MRTD for FR1 and FR2-2 NR DC – Asynchronous
· Reuse the existing MRTD requirements for FR1 and FR2-1, that is, half the slot length with respect to the larger SCS of the MCG and SGC cells.
	Max {Sub-carrier spacing in PCell (kHz), Sub-carrier spacing in PSCell (kHz)} 
	Maximum receive timing difference (µs)

	480
	15.625

	960
	7.8125



Basic principles
· FFS: Define MTTD requirements in FR2-2 based on the following rule:
· MTTD = MRTD + (TA resolution error cc1 + TA adjustment accuracy cc1 + UL transmit error cc1) + (TA resolution error cc2 + TA adjustment accuracy cc2 + UL transmit error cc2)
MTTD for FR1 and FR2-2 inter-band CA
· The MTTD requirements for FR2 inter-band CA is only applicable for FR2-1. For the MTTD requirements for inter-band NR carrier aggregation, update Table 7.5.4-1 for FR2-2 as below:
Table 7.5.4-1: Maximum uplink transmission timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of TAGs
	Maximum uplink transmission timing difference (µs) 

	FR1
	34.6

	FR2-1
	8.5 Note1

	Between FR1 and FR2-1
	26.1 

	Between FR1 and FR2-2
	TBD 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.



MTTD for FR1 and FR2-2 NR DC – Synchronous
· The MTTD requirements for FR2 +FR2 inter-band CA is only applicable for FR2-1+FR2-1. For the MTTD requirements for inter-band synchronous NR DC, update Table 7.5.6-1 for FR2-2 as below:
Table 7.5.6-1: Maximum uplink transmission timing difference requirement for inter-band synchronous NR DC
	Frequency Range
	Maximum uplink transmission timing difference (µs)

	Cell in MCG
	Cell in SCG
	

	FR1
	FR1
	34.6

	FR2-1
	FR2-1
	8.5

	FR1
	FR2-1
	34.1

	FR1
	FR2-2
	TBD



MTTD for FR1 and FR2-2 NR DC - Asynchronous
· The MTTD requirements for inter-band asynchronous NR DC shall the half of slot length. For the MTTD requirements for inter-band asynchronous NR DC, update Table 7.5.6-2 for FR2-2 as below:
Table 7.5.6-2 Maximum uplink transmission timing difference requirement for inter-band asynchronous NR DC
	Max {Sub-carrier spacing in Pcell (kHz), Sub-carrier spacing in PSCell (kHz)} 
	Maximum uplink transmission timing difference (µs)

	15
	500

	30
	250

	60
	125

	120
	62.5

	480
	15.625

	960
	7.8125





In this contribution, we further discuss the impact of the higher SCS of 480kHz/960kHz on Timing requirements.
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Initial transmit timing error
In the last meeting, the values of SSB periodicity (e.g., 20ms, 40ms and 80ms) were discussed. In addition, the question whether a single set of requirement based on a SSB periodicity or two sets of requirements based on two SSB periodicities need to be defined for FR2-2 was pointed out. We prefer to define one set of Te requirement for FR2-2 based on SSB periodicity of 40ms. In our understanding, considering the frequency error is 0.1PPM, there only exists a 2ns difference between 20ms of SSB periodicity and 40ms of SSB periodicity. In addition, when defining two sets of requirements, the complexity of test would be increased. Defining one set of Te requirement for FR2-2 based on SSB periodicity of 40ms is enough for RRM measurement.
Proposal 1: Define one set of Te requirement for FR2-2 based on SSB periodicity of 40ms.
In our understanding, initial transmit timing error without margin depends on DL timing estimation which is related to the signal BW. At the same time, an addition margin needs to be considered to account for DL to UL switching and timing drift. As mentioned in the contribution [2], We suggest to update Table 7.1.2-1 for FR2-2 as below:
Proposal 2: For the Te requirements, update Table 7.1.2-1 for FR2-2 as below:
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2-1
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	2-2
	120
	120
	3.5*64*Tc

	
	
	480
	1.7*64*Tc

	
	480
	120
	3.5*64*Tc

	
	
	480
	1.7*64*Tc

	
	960
	120
	3.5*64*Tc

	
	
	480
	1.7*64*Tc

	
	
	960
	0.7*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



For the combination of (120kHz SSB SCS, 960kHz uplink signal SCS) and (480kHz SSB SCS, 960kHz uplink signal SCS), the margin is very small which is challenging for UE implementation. Therefore, we suggest that it is possible to not define requirements for the combination of (120kHz SSB SCS, 960kHz uplink signal SCS) and (480kHz SSB SCS, 960kHz uplink signal SCS). 
Proposal 3: RAN4 shall not define the Te requirements for the combination of (120kHz SSB SCS, 960kHz UL SCS) and (480kHz SSB SCS, 960kHz UL SCS).
deriveSSB-IndexFromCell
In the last meeting, it was agreed that the deriveSSB-IndexFromCell is always enabled by the network for 480kHz and is up to network configuration (i.e., can be enabled or disabled) for 960kHz. However, there is no clear conclusion on the frame boundary alignment when the deriveSSB-IndexFromCell is enabled for 480kHz and 960kHz. As we mentioned in the contribution [3], it is possible to distinguish the SSB index if the timing difference between reference cell and target cell can be guaranteed less than 3 symbols. Therefore, we propose that when the deriveSSB-IndexFromCell is enabled for 480kHz and 960kHz, the frame boundary alignment is 3 SSB symbols.
Proposal 4: The frame boundary alignment is 3 SSB symbols when the deriveSSB-IndexFromCell is enabled for 480kHz and 960kHz.
In addition, the question whether to specify the frame boundary alignment tolerance when the deriveSSB-IndexFromCell is not enabled for 960kHz was pointed out. As shown in Figure 1, considering the coverage is 1km and cell phase synchronization accuracy is 3us, when the timing difference across cells on the same frequency up to 6 SSB symbols, it is feasible to select the right SSB index from two candidate targets. 
[image: ]
Figure 1
The detailed content on the SSB index in the 38.213 was duplicated as below:
	The candidate SS/PBCH blocks in a half frame are indexed in an ascending order in time from 0 to [image: ], where [image: ] is determined according to SS/PBCH block patterns for Cases A through E. [image: ] is a maximum number of SS/PBCH block indexes in a cell, and the maximum number of transmitted SS/PBCH blocks within a half frame is [image: ].
-	For operation without shared spectrum channel access, [image: ]
-	For operation with shared spectrum channel access, [image: ] for [image: ] and 15 kHz SCS of SS/PBCH blocks and for [image: ] and 30 kHz SCS of SS/PBCH blocks 
For [image: ], a UE determines the 2 LSB bits of a candidate SS/PBCH block index per half frame from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH as described in [4, TS 38.211].
For [image: ], a UE determines the 3 LSB bits of a candidate SS/PBCH block index per half frame from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH as described in [4, TS 38.211]
-	for [image: ], the UE determines the 1 MSB bit of the candidate SS/PBCH block index from PBCH payload bit [image: ] as described in [5, TS 38.212]
-	for [image: ], the UE determines the 2 MSB bits of the candidate SS/PBCH block index from PBCH payload bits [image: ] as described in [5, TS 38.212]
-	for [image: ], the UE determines the 3 MSB bits of the candidate SS/PBCH block index from PBCH payload bits [image: ] as described in [5, TS 38.212]



From the highlighted part, it can be observed that when the total SSB index number is 64, UE determines the 3MSB bits of the candidate SSB index from PBCH payload and the 3LSB bits from the DM-RS sequence. Since UE only need to choose from the two candidate SSB index, it is reasonable to only decode the PBCH DMRS which is similar to FR1 rather than PBCH in order to determine the SSB index. In our understanding, this would reduce the time for SSB index acquisition. We propose to specify the frame boundary alignment tolerance when the deriveSSB-IndexFromCell is not enabled for 960kHz. And we suggest that the frame boundary alignment is 6 SSB symbols considering the coverage is 1km and cell phase synchronization accuracy is 3us.
Observation 1: It is reasonable to only decode the PBCH DMRS which is similar to FR1 rather than PBCH in order to determine the SSB index when the deriveSSB-IndexFromCell is not enabled for 960kHz.
Proposal 4: Specify the frame boundary alignment tolerance when the deriveSSB-IndexFromCell is not enabled for 960kHz.
Proposal 5: The frame boundary alignment is 6 SSB symbols when the deriveSSB-IndexFromCell is not enabled for 960kHz.
We understand if deriveSSB-IndexFromCell is not enabled for 960kHz, the requirement of SSB index detection for intra-frequency measurement for FR2-2 need to be specified. As we analysed in the above, the requirements of SSB index detection for FR1 (e.g., 3 samples) may be reused in FR2-2. Considering the Rx beam sweeping factor for FR2-2 is still in the discussion, the requirements of SSB index detection for FR2-2 can be defined as below:
Table 1. Time period for time index detection for intra-frequency measurements
	
	TSSB_time_index_intra

	No DRX
	Max(200ms, ceil(MSSB_index_intra Kp)  SMTC period)  CSSFinter

	DRX cycle ≤ 320ms
	Max(200ms, ceil(1.5  MSSB_index_intra  Kp)  Max(SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(MSSB_index_intra  Kp)  DRX cycle  CSSFinter


MSSB_index_intra = 3 *N, N is Rx beam sweeping factor for FR2-2.
Proposal 6:
The requirements of SSB index detection for FR2-2 for intra-frequency measurement can be defined as below:
Table 1. Time period for time index detection for intra-frequency measurements
	
	TSSB_time_index_intra

	No DRX
	Max(200ms, ceil(MSSB_index_intra Kp)  SMTC period)  CSSFinter

	DRX cycle ≤ 320ms
	Max(200ms, ceil(1.5  MSSB_index_intra  Kp)  Max(SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(MSSB_index_intra  Kp)  DRX cycle  CSSFinter



MSSB_index_intra = 3 *N, N is Rx beam sweeping factor for FR2-2.
MRTD
inter-band CA for FR1 and FR2-2
In the last meeting, the agreement related to the MRTD requirements for inter-band NR carrier aggregation were captured as below:
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2-1
	8 note1

	Between FR1 and FR2-1
	25 

	Between FR1 and FR2-2
	TBD 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.



In the existing requirements, the MRTD for inter-band CA for FR1 and FR2-1 is 25us. In our understanding, the time for FR2-1 is also applicable for FR2-2. If the MRTD is shorter than the legacy requirements, the deployment scenarios would be limited. Therefore, we propose to reuse the existing requirements.
Proposal 7: The existing MRTD requirements for inter-band CA for FR1 and FR2-1 can be reused for inter-band CA for FR1 and FR2-2.
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2-1
	8 note1

	Between FR1 and FR2-1
	25 

	Between FR1 and FR2-2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.


inter-band NR DC for FR1 and FR2-2
In the last meeting, the agreement related to the MRTD requirements for inter-band synchronous NR DC were captured as below:
Table 7.6.6-1: Maximum receive timing difference requirement for inter-band synchronous NR DC
	Frequency Range
	Maximum receive timing difference (µs) 

	Cell in MCG
	Cell in SCG
	

	FR1
	FR1
	33

	FR2-1
	FR2-1
	8

	FR1
	FR2-1
	33

	FR1
	FR2-2
	TBD



In the existing requirements, the MRTD for inter-band DC for FR1 and FR2-1 is 33us. In our understanding, the time for FR2-1 is also applicable for FR2-2. If the MRTD is shorter than the legacy requirements, the deployment scenarios would be limited. Therefore, we propose to reuse the existing requirements.
Proposal 8: The existing MRTD requirements for inter-band synchronous DC for FR1 and FR2-1 can be reused for inter-band synchronous DC for FR1 and FR2-2.
Table 7.6.6-1: Maximum receive timing difference requirement for inter-band synchronous NR DC
	Frequency Range
	Maximum receive timing difference (µs) 

	Cell in MCG
	Cell in SCG
	

	FR1
	FR1
	33

	FR2-1
	FR2-1
	8

	FR1
	FR2-1
	33

	FR1
	FR2-2
	33


MTTD
[bookmark: _Hlk95760827]Inter-band CA for FR1 and FR2-2
In the last meeting, the agreement related to the MTTD requirements for inter-band CA were captured as below:
Table 7.5.4-1: Maximum uplink transmission timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of TAGs
	Maximum uplink transmission timing difference (µs) 

	FR1
	34.6

	FR2-1
	8.5 Note1

	Between FR1 and FR2-1
	26.1 

	Between FR1 and FR2-2
	TBD 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.



According to [4], there exist four factors which should be involved for calculating MTTD:
· Factor 1: Propagation delay difference
· Factor 2: Initial transmission timing error
· Factor 3: Uncertainty of the reception time in the UE downlink
· Factor 4: Cell phase synchronization error or timing alignment error (TAE)
For the scenario FR1 + FR2-2 CA/DC for inter-band, we understand that the worst case is 120kHz for both FR2-1 and FR2-2 and the above factors are the same for FR1+FR2-1 CA and FR1+FR2-2 CA. Therefore, it is feasible that the existing MTTD requirements for FR1+FR2-1 CA can be reused for FR1+FR2-2 CA.
Proposal 9: The existing MTTD requirements for inter-band CA for FR1 and FR2-1 can be reused for inter-band CA for FR1 and FR2-2.
Table 7.5.4-1: Maximum uplink transmission timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of TAGs
	Maximum uplink transmission timing difference (µs) 

	FR1
	34.6

	FR2-1
	8.5 Note1

	Between FR1 and FR2-1
	26.1 

	Between FR1 and FR2-2
	26.1

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.




Inter band NR DC for FR1 and FR2-2
In the last meeting, the agreement related to the MTTD requirements for inter-band NR DC were captured as below:
Table 7.5.6-1: Maximum uplink transmission timing difference requirement for inter-band synchronous NR DC
	Frequency Range
	Maximum uplink transmission timing difference (µs)

	Cell in MCG
	Cell in SCG
	

	FR1
	FR1
	34.6

	FR2-1
	FR2-1
	8.5

	FR1
	FR2-1
	34.1

	FR1
	FR2-2
	TBD



Similar to the case of FR1+FR2-2 CA, it is feasible that the existing MTTD requirements for FR1+FR2-1 synchronous DC can be reused for FR1+FR2-2 synchronous DC.
Proposal 10: The existing MTTD requirements for inter-band synchronous NR DC for FR1 and FR2-1 can be reused for inter-band synchronous NR DC for FR1 and FR2-2.
Table 7.5.6-1: Maximum uplink transmission timing difference requirement for inter-band synchronous NR DC
	Frequency Range
	Maximum uplink transmission timing difference (µs)

	Cell in MCG
	Cell in SCG
	

	FR1
	FR1
	34.6

	FR2-1
	FR2-1
	8.5

	FR1
	FR2-1
	34.1

	FR1
	FR2-2
	34.1


Conclusion
Proposal 1: Define one set of Te requirement for FR2-2 based on SSB periodicity of 40ms.
Proposal 2: For the Te requirements, update Table 7.1.2-1 for FR2-2 as below:
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2-1
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	2-2
	120
	120
	3.5*64*Tc

	
	
	480
	1.7*64*Tc

	
	480
	120
	3.5*64*Tc

	
	
	480
	1.7*64*Tc

	
	960
	120
	3.5*64*Tc

	
	
	480
	1.7*64*Tc

	
	
	960
	0.7*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



Proposal 3: RAN4 shall not define the Te requirements for the combination of (120kHz SSB SCS, 960kHz UL SCS) and (480kHz SSB SCS, 960kHz UL SCS).
Observation 1: It is reasonable to only decode the PBCH DMRS which is similar to FR1 rather than PBCH in order to determine the SSB index when the deriveSSB-IndexFromCell is not enabled for 960kHz.
Proposal 4: Specify the frame boundary alignment tolerance when the deriveSSB-IndexFromCell is not enabled for 960kHz.
Proposal 5: The frame boundary alignment is 6 SSB symbols when the deriveSSB-IndexFromCell is not enabled for 960kHz.
Proposal 6:
The requirements of SSB index detection for FR2-2 for intra-frequency measurement can be defined as below:
Table 1. Time period for time index detection for intra-frequency measurements
	
	TSSB_time_index_intra

	No DRX
	Max(200ms, ceil(MSSB_index_intra Kp)  SMTC period)  CSSFinter

	DRX cycle ≤ 320ms
	Max(200ms, ceil(1.5  MSSB_index_intra  Kp)  Max(SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(MSSB_index_intra  Kp)  DRX cycle  CSSFinter



MSSB_index_intra = 3 *N, N is Rx beam sweeping factor for FR2-2.
Proposal 7: The existing MRTD requirements for inter-band CA for FR1 and FR2-1 can be reused for inter-band CA for FR1 and FR2-2.
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2-1
	8 note1

	Between FR1 and FR2-1
	25 

	Between FR1 and FR2-2
	25 

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.



Proposal 8: The existing MRTD requirements for inter-band synchronous DC for FR1 and FR2-1 can be reused for inter-band synchronous DC for FR1 and FR2-2.
Table 7.6.6-1: Maximum receive timing difference requirement for inter-band synchronous NR DC
	Frequency Range
	Maximum receive timing difference (µs) 

	Cell in MCG
	Cell in SCG
	

	FR1
	FR1
	33

	FR2-1
	FR2-1
	8

	FR1
	FR2-1
	33

	FR1
	FR2-2
	33



Proposal 9: The existing MTTD requirements for inter-band CA for FR1 and FR2-1 can be reused for inter-band CA for FR1 and FR2-2.
Table 7.5.4-1: Maximum uplink transmission timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of TAGs
	Maximum uplink transmission timing difference (µs) 

	FR1
	34.6

	FR2-1
	8.5 Note1

	Between FR1 and FR2-1
	26.1 

	Between FR1 and FR2-2
	26.1

	Note1:	This requirement applies to the UE capable of independent beam management for FR2-1 inter-band CA.



Proposal 10: The existing MTTD requirements for inter-band synchronous NR DC for FR1 and FR2-1 can be reused for inter-band synchronous NR DC for FR1 and FR2-2.
Table 7.5.6-1: Maximum uplink transmission timing difference requirement for inter-band synchronous NR DC
	Frequency Range
	Maximum uplink transmission timing difference (µs)

	Cell in MCG
	Cell in SCG
	

	FR1
	FR1
	34.6

	FR2-1
	FR2-1
	8.5

	FR1
	FR2-1
	34.1

	FR1
	FR2-2
	34.1
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