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1. Introduction
[bookmark: OLE_LINK1]In the last RAN4 meeting, WF [1] on RRM requirements from 52.6GHz to 71GHz was approved. In this paper, RRM timing requirements for SCS of 480 kHz and 960 kHz are further discussed, and we mainly focus on UL Timing accuracy requirements and the MRTD/MTTD requirements.
2. Discussion
2.1 [bookmark: OLE_LINK112][bookmark: OLE_LINK113]UE transmit timing error
In RAN4#101-e meeting, the agreements on SSB and UL SCS combinations are reproduced below [2]:
	Agreements 
· SSB and UL SCS combinations
· RAN4 to specify UL timing accuracy requirements for the following (SSB SCS, UL SCS) combinations
· 120, 120
· 480, 480
· 960, 960
· FFS whether to define requirements for 
· 120, 960
· 120, 480
· 480, 960
· Other options with SSB SCS > UL SCS


It can be seen that it has been agreed to specify UL timing accuracy requirements for at least the SSB and UL SCS combinations of (120,120), (480,480), (960,960). There are still disputes about the combinations of (120,960), (120,480), (480,960) and other options with SSB SCS > UL SCS. Therefore, SSB and UL SCS combinations are further discussed in RAN4#101-bis-e meeting, and the agreements on UE transmit timing error reached during the last meeting are reproduced below:
	Agreements 
· 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 requirements


In RAN4#101-bis-e GTW meeting, we support the SCS combinations of SSB SCS ≥ UL SCS, and have reached a consensus on max delay spread, namely [30ns] for 480 kHz and [20ns] for 960 kHz. But the SSB and UL SCS combinations of (120,960), (120,480), (480,960) were still for FFS.
SSB and UL SCS combinations
Although some companies did not think it necessary to specify basic principles for defining Te requirements in the last meeting, we propose to use the basic principles to analyze the possible SCS combinations.
In the previous discussion, we tend to support Te that always meets the condition eRS + eDRIFT < Te < (TCP - TCH - TAC,Q)/2, where eRS is the DL timing estimation accuracy, eDRIFT is the clock drift for the RS periodicity, TCP is the CP length, TCH is the channel delay spread and TAC,Q is the timing advance command step [3].
Combined with SCS, when UL SCS is 480 kHz, TCP = 4.5*64*Tc, TCH = 30ns and TAC,Q = 16/25*64*Tc. When UL SCS is 960 kHz, TCP = 2.25*64*Tc, TCH = 20ns and TAC,Q = 16/26*64*Tc.
With regard to eDRIFT, RAN4 currently requires that SSB be available in the past 160ms, if the frequency offset is 0.1ppm, it will lead to a timing drift of 16ns [4]. According to the agreements in the last meeting, at least one SSB is available at the UE during the last: 20ms, 40ms and 80ms, so it may lead to 2ns, 4ns and 8ns clock drift respectively. Therefore, the minimum eDRIFT is 2ns and the maximum eDRIFT is 8ns. 
With regard to eRS, as listed in R4-2117311, eRS = 0.53*64*Tc for 120 kHz SSB SCS and eRS = 0.1356*64*Tc for 480 kHz SSB SCS [6].
Then we calculate the value range of Te for different SCS combinations.
If eDRIFT = 2 ns, when SCS combination is (120,960), substitute the above parameters into the formula to be met by Te for calculation, and 19.265 ns < Te < 22.576 ns can be obtained. When the SCS combination is (120,480), it needs to meet 19.265 ns < Te < 100.304 ns. When SCS combination is (480,960), it needs to meet 6.417 ns < Te < 22.576 ns.
If eDRIFT = 4 ns, 21.265 ns < Te < 22.576 ns for SCS combination of (120,960), 21.265 ns < Te < 100.304 ns for SCS combination of (120,480), and 8.417 ns < Te < 22.576 ns for SCS combination of (480,960). 
If eDRIFT = 8 ns, for SCS combination of (120,960), the lower limit of Te is 25.265 ns, which has exceeded its upper limit of 22.576 ns, and 25.265 ns < Te < 100.304 ns for SCS combination of (120,480), 12.417 ns < Te < 22.576 ns for SCS combination of (480,960).
It can be seen from the above that no matter eDRIFT is 2 ns or 4 ns, for the SCS combination of (120,960), the upper limit and lower limit of Te are too close, leaving little margin for UE implementation, which brings great difficulty to UE implementation. When eDRIFT is 8 ns, it is not even possible to find Te that can meet the conditions. Therefore, it is not suggested to specify UE transmit timing error requirements for combination (120,960). For the SCS combinations of (120,480) and (480,960), we think there is enough margin for UE to implement, and it is suggested to consider specifying UE transmit timing error requirements.
Proposal 1: The possible SCS combinations can be analyzed according to the basic principles, i.e. Te such that the condition eRS + eDRIFT < Te < (TCP - TCH - TAC,Q)/2 holds.
Proposal 2: Considering the difficulty for UE implementation, it is not suggested to specify UE transmit timing error requirements for the SCS combination of (120,960).
Proposal 3: It is suggested to specify UE transmit timing error requirements for the SCS combination of (120,480) and (480,960).
A single set or multiple sets of requirements
Whether a single set or multiple sets of requirements need to be defined is related to SSB periodicity. According to the above conclusion, the current candidate SSB periodicity is 20ms, 40ms and 80ms.
When the SSB periodicity is longer, it is more conducive to power saving on cells that are used for capacity boost, but it is more unfavorable to define UL timing requirements [5].
When the SSB periodicity is shorter, it means that a large number of reference signal resources will be used, which is not what we expect. Therefore, we want to avoid it being required to be too small [5]. Although shorter SSB periodicity is indeed helpful to solve the timing drift problem, we can see from the Te requirements under different SSB periods calculated above, the timing drift difference between 20ms and 40ms SSB periodicity is only 2ns, and for SCS combination of  (120,960), UE implementation is still difficult. Therefore, the saved 2ns does not play a decisive role in Te requirements. Therefore, it is not suggested to define UE transmit timing error requirements. For the SCS combination of (120,480) and (480,960), since the difference between the upper limit and lower limit of Te is relatively large compared with 2ns, it is suggested to define UE transmit timing error requirements no matter eDRIFT is 2ns or 4ns.
Therefore, from the perspective of both UL timing requirements, reference signal resources and power saving, we suggest defining a single set of requirements, that is, SSB periodicity is 40ms.
Observations 1: When the SSB periodicity is longer, it is more conducive to power saving on cells that are used for capacity boost, but it is more unfavorable to define UL timing requirements.
Observations 2: When the SSB periodicity is shorter, it is more conducive to define UL timing requirements, but at the same time, it means that a large number of reference signal resources will be used.
Observations 3: The timing drift difference between 20ms and 40ms SSB periodicity does not play a decisive role in the definition of UE transmit timing error requirements. 
[bookmark: OLE_LINK68][bookmark: OLE_LINK69]Proposal 4: It is suggested to define a single set of requirements, that is, the SSB periodicity is 40ms.
2.2 [bookmark: OLE_LINK110][bookmark: OLE_LINK111]MRTD
The MRTD agreements reached during the last meeting are as follows:
	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.
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





MRTD for FR1 and FR2-2 NR DC - Synchronous
As shown in table 7.6.6-1 updated in WF, for FR2-2, only FR1 + FR2-2 NR DC scenarios are considered.
Although the MRTD for FR2-2 has not been determined yet, it can be observed that MRTD for inter band synchronous NR DC between FR1 and FR2-1 is the same as MRTD for NR DC between FR1 and FR1, and MRTD for NR DC between FR1 and FR2-2 is not expected to decrease significantly.
In addition, according to the adopted basic principles, MRTD for inter band synchronous NR DC between FR1 and FR2-2 depends on the conclusions of TAE and the propagation delay difference. Under the condition that the deployments between FR1 BS and FR2-2 BS do not change greatly, we believe that TAE and the propagation delay difference will not change basically. Therefore, we believe that MRTD for inter band synchronous NR DC between FR1 and FR2-2 can also be 33us.
Proposal 5: It is suggested that MRTD for inter-band synchronous NR DC between FR1 and FR2-2 is 33us.
Basic principles
However, in combination with the basic principles for asynchronous cases in FR2-2, it is obvious that the MRTD for inter-band synchronous NR DC between FR1 and FR2-2 will be greater than that of inter-band asynchronous NR DC between FR1 and FR2-2, which is inconsistent with the current definition of MRTD in 3GPP TS 38.133. At present, the MRTD for NR DC in section 7.6.1 is defined as follows [7]:
“A UE shall be capable of handling a relative receive timing difference between slot timing boundary of a cell belonging to MCG and the closest slot timing boundary of a cell belonging to the SCG to be aggregated for NR DC operation. A UE shall be capable of handling a relative receive timing difference among the closest slot timing boundaries of different carriers to be aggregated in NR carrier aggregation.”
[bookmark: _GoBack][image: ]
Figure 1 the definition of MRTD [3]
Option 2 in the figure 1 clearly describes the definition of MRTD for NR DC [3]. According to this definition, 0.5slot is the upper limit of MRTD. For 480 kHz and 960 kHz, 0.5slot are 15us and 7us respectively, while MRTD for inter band synchronous NR DC between FR1 and FR2-2 are basically not much smaller than 33us. Therefore, MRTD for inter band synchronous NR DC between FR1 and FR2-2 will exceed the upper limit of MRTD.
Therefore, we think it is necessary to change the definition of MRTD for NR DC in legacy spec, so that it could be larger than 0.5slot, as shown in option 1 in the above figure [3]. And we can change the definition of MRTD for NR DC in 3GPP TS 38.133 to:
“A UE shall be capable of handling a relative receive timing difference between slot timing boundary of a cell belonging to MCG and slot timing boundary from the same slot index of a cell belonging to the SCG to be aggregated for NR DC operation. A UE shall be capable of handling a relative receive timing difference among the closest slot timing boundaries of different carriers to be aggregated in NR carrier aggregation.”
Observations 4: The basic principles for MRTD requirements in FR2-2 contradict the definition of MRTD in legacy spec.
Proposal 6: It is suggested to change the definition of MRTD for NR DC in legacy spec, so that it could be larger than 0.5 slot.
Proposal 7: The MRTD definition for NR DC in 3GPP TS 38.133 can be changed as follows:
“A UE shall be capable of handling a relative receive timing difference between slot timing boundary of a cell belonging to MCG and slot timing boundary from the same slot index of a cell belonging to the SCG to be aggregated for NR DC operation. A UE shall be capable of handling a relative receive timing difference among the closest slot timing boundaries of different carriers to be aggregated in NR carrier aggregation.”
2.3 MTTD
Basic principles
The MTTD agreements reached during the last meeting are as follows:
	Agreements 
· 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)


We believe that MTTD needs to consider MRTD and UL transmit error, the UL transmit error should cover TA resolution error, TA adjustment accuracy and UE transmit timing requirement [4], where TA resolution error is equal to TA step size / 2, and UE transmit timing requirement depends on Te. Considering the worst case uplink error between two carriers, we suggest to define MTTD requirements in FR2-2 based on the following rule:
MTTD = MRTD +UL transmit error, where UL transmit error contains:
· (TA resolution error + TA adjustment accuracy + Te) in cc1
· (TA resolution error + TA adjustment accuracy +Te) in cc2
Therefore, MTTD can be written as: MTTD = MRTD + (TA step size / 2+ TA adjustment accuracy + Te) in cc1 + ( TA step size / 2 + TA adjustment accuracy +Te) in cc2.
Proposal 8: Define MTTD requirements in FR2-2 based on the following rule:
· MTTD = MRTD + (TA step size / 2+ TA adjustment accuracy + Te) in cc1 + ( TA step size / 2 + TA adjustment accuracy +Te) in cc2.
2 Summary
[bookmark: OLE_LINK51]In this paper, we provide our views on RRM timing requirements for the extension to 71 GHz. From this discussion we have derived the following observations and proposals: 
Proposal 1: The possible SCS combinations can be analyzed according to the basic principles, i.e. Te such that the condition eRS + eDRIFT < Te < (TCP - TCH - TAC,Q)/2 holds.
Proposal 2: Considering the difficulty for UE implementation, it is not suggested to specify UE transmit timing error requirements for the SCS combination of (120,960).
Proposal 3: It is suggested to specify UE transmit timing error requirements for the SCS combination of (120,480) and (480,960).
Observations 1: When the SSB periodicity is longer, it is more conducive to power saving on cells that are used for capacity boost, but it is more unfavorable to define UL timing requirements.
Observations 2: When the SSB periodicity is shorter, it is more conducive to define UL timing requirements, but at the same time, it means that a large number of reference signal resources will be used.
Observations 3: The timing drift difference between 20ms and 40ms SSB periodicity does not play a decisive role in the definition of UE transmit timing error requirements. 
Proposal 4: It is suggested to define a single set of requirements, that is, the SSB periodicity is 40ms.
Proposal 5: It is suggested that MRTD for inter-band synchronous NR DC between FR1 and FR2-2 is 33us.
Observations 4: The basic principles for MRTD requirements in FR2-2 contradict the definition of MRTD in legacy spec.
Proposal 6: It is suggested to change the definition of MRTD for NR DC in legacy spec, so that it could be larger than 0.5 slot.
Proposal 7: The MRTD definition for NR DC in 3GPP TS 38.133 can be changed as follows:
“A UE shall be capable of handling a relative receive timing difference between slot timing boundary of a cell belonging to MCG and slot timing boundary from the same slot index of a cell belonging to the SCG to be aggregated for NR DC operation. A UE shall be capable of handling a relative receive timing difference among the closest slot timing boundaries of different carriers to be aggregated in NR carrier aggregation.”
Proposal 8: Define MTTD requirements in FR2-2 based on the following rule:
· MTTD = MRTD + (TA step size / 2+ TA adjustment accuracy + Te) in cc1 + ( TA step size / 2 + TA adjustment accuracy +Te) in cc2.
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