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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: _Hlk23953093]Introduction
The WF [1] for extending current NR operation to 71 GHz was approved during the last RAN4 meeting. During the discussion of timing requirements, it was pointed out that when adding 480KHZ and 960khz SCS for 52.6-71GHz, the requirements of UE transmit timing error need to be considered. In TS 38.133 [2], the current UE initial transmission timing error (Te) requirement for different combinations of SSB signals and uplink signals in FR1 and FR2 is specified in Table 7.1.2-1 and reproduced below.
	[bookmark: _Hlk76064450]The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1.
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	FR 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

	FR 2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [3]





In this contribution, the UE transmit timing requirement (Te) is further discussed. 
2. Discussion
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]UE transmit timing error
In the last meeting, the length of Te for higher SCS was discussed, and the percentage of UL CP length occupied by Te needs to be determined. Finally, three options were identified as candidate solutions for FFS.
	GTW agreements:
· Further study percentage of UL CP length Te can occupy without impacting UL system performance?
· Option 1: Keep the Te within the same percentage of the CP length as existing SCS
· Option 2: 30%
· Option 3: 50%
· Further study achievable Te from UE perspective Study different combinations of SSB SCS and UL signal SCS for FR2-2 


Firstly, Table 1 gives the calculation results on the percentage of UL CP length occupied by Te based on existing table 7.1.2.1 in TS 38.133.
Table 1: The percentage of UL CP length occupied by Te, based on Table 7.1.2-1 of 38.133 [4]
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	CP length
	Te
	Percentage of the CP length

	FR 1
	15
	15
	144*64*Tc
	12*64*Tc
	8.33%

	
	
	30
	72*64*Tc
	10*64*Tc
	13.89%

	
	
	60
	36*64*Tc
	10*64*Tc
	27.78%

	
	30
	15
	144*64*Tc
	8*64*Tc
	5.56%

	
	
	30
	72*64*Tc
	8*64*Tc
	11.11%

	
	
	60
	36*64*Tc
	7*64*Tc
	19.44%

	FR 2
	120
	60
	36*64*Tc
	3.5*64*Tc
	9.72%

	
	
	120
	18*64*Tc
	3.5*64*Tc
	19.4%

	
	240
	60
	36*64*Tc
	3*64*Tc
	8.33%

	
	
	120
	18*64*Tc
	3*64*Tc
	16.67%

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [2]


[bookmark: OLE_LINK16][bookmark: OLE_LINK17]As can be seen from the above Table 1, the percentage of UL CP length occupied by Te is basically controlled at about 20% with only one exception up to 27.78%. For different combinations of SSB SCS and UL signal SCS, when the uplink signal SCS is greater than SSB SCS, the percentage of UL CP length occupied by Te increases. The increase in UE transmit error will cause more UL performance degradation. Therefore, UL system performance should be considered when studying the percentage of UL CP length occupied by Te for FR2-2. Another aspect to consider for Te requirement is the implementation difficulty. 
For the percentage of UL CP length occupied by Te, we support option 1, which is to keep Te within the same CP length percentage as the existing SCS, the specific value is less than 30%.
Proposal 1: To avoid UL performance degradation, option 1 is supported to keep the Te within the same percentage of the CP length as existing SCS.
When UL signal SCS is the same but SSB SCS is different, the percentage of CP length could be appropriately increased for the combination of smaller SSB SCS. The specific values are shown in the Table 2：
Table 2: Te and the percentage of UL CP length for 52.6-71GHz
	SCS of SSB signals(kHz)
	SCS of uplink signals(kHz)
	CP
	Te
	Percentage of the CP length

	
	
	
	
	

	120
	120
	18*64*Tc
	3.5*64*Tc
	19.4%

	
	480
	4.5*64*Tc
	0.9*64*Tc
	20%

	
	960
	2.25*64*Tc
	0.6*64*Tc
	26.7%

	480
	120
	18*64*Tc
	2.5*64*Tc
	13.9%

	
	480
	4.5*64*Tc
	0.8*64*Tc
	20%

	
	960
	2.25*64*Tc
	0.5*64*Tc
	22.2%

	960
	120
	18*64*Tc
	2*64*Tc
	11.4%

	
	480
	4.5*64*Tc
	0.8*64*Tc
	17.8%

	
	960
	2.25*64*Tc
	0.5*64*Tc
	22.2%


The above Table 2 lists all combinations of SSB SCS and UL signal SCS after adding larger SCS. However, we also need to consider the difficulty of the implementation of various combinations, so as to decide whether it is necessary to reduce some combinations, such as some combinations of small SSB SCS and large UL signal SCS. Therefore, we need to further analyze Te.
The composition of Te is as follows:
Te = minimum timing error + margin                       
For minimum DL timing estimation error, it is opposite to SSB BW. The larger the SCS of the SSB, the larger the SSB BW, and the smaller the minimum DL timing estimation error, its specific values are scaled according to the SSB BW [4]. As shown in the following Table 3:
Table 3: Minimum timing error for NR
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	SS/PBCH block BW (MHz)
	Minimum timing error
	Te

	FR 1
	15
	15
	15*240=3.6
	4.2*64*Tc
	12*64*Tc

	
	
	30
	15*240=3.6
	4.2*64*Tc
	10*64*Tc

	
	
	60
	15*240=3.6
	4.2*64*Tc
	10*64*Tc

	
	30
	15
	30*240=7.2
	2.1*64*Tc
	8*64*Tc

	
	
	30
	30*240=7.2
	2.1*64*Tc
	8*64*Tc

	
	
	60
	30*240=7.2
	2.1*64*Tc
	7*64*Tc

	FR 2
	120
	60
	120*240=28.8
	0.53*64*Tc
	3.5*64*Tc

	
	
	120
	120*240=28.8
	0.53*64*Tc
	3.5*64*Tc

	
	240
	60
	240*240=57.6
	0.26*64*Tc
	3*64*Tc

	
	
	120
	240*240=57.6
	0.26*64*Tc
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [3]


For higher SCS, we follow the same scaling principle and expand the following for Table 3:
Table 4: Minimum timing error for 52.6-71GHz
	SCS of SSB signals(kHz)
	SCS of uplink signals(kHz)
	SS/PBCH block BW (MHz)
	Minimum timing error 
	Te

	120
	120
	120*240=28.8
	0.53*64*Tc
	3.5*64*Tc

	
	480
	120*240=28.8
	0.53*64*Tc
	0.9*64*Tc

	
	960
	120*240=28.8
	0.53*64*Tc
	0.6*64*Tc

	480
	120
	480*240=115.2
	0.1356*64*Tc
	2.5*64*Tc

	
	480
	480*240=115.2
	0.1356*64*Tc
	0.8*64*Tc

	
	960
	480*240=115.2
	0.1356*64*Tc
	0.5*64*Tc

	960
	120
	960*240=230.4
	0.0678*64*Tc
	2*64*Tc

	
	480
	960*240=230.4
	0.0678*64*Tc
	0.8*64*Tc

	
	960
	960*240=230.4
	0.0678*64*Tc
	0.5*64*Tc


In comparison with the value of Te in Table 2, we find that the minimum timing error occupies only a small part of Te. Therefore, the implementation of Te depends more on margin, it reflects the switching between UL and DL [5], which depends on the implementation of UE. The values of margin in the current frequency band are calculated according to Te and minimum timing error, as shown in the following Table 5: 



Table 5: Margin for for NR
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	Minimum timing error
	Margin

	1
	15
	15
	12*64*Tc
	4.2*64*Tc
	7.8*64*Tc

	
	
	30
	10*64*Tc
	4.2*64*Tc
	5.8*64*Tc

	
	
	60
	10*64*Tc
	4.2*64*Tc
	5.8*64*Tc

	
	30
	15
	8*64*Tc
	2.1*64*Tc
	5.9*64*Tc

	
	
	30
	8*64*Tc
	2.1*64*Tc
	5.9*64*Tc

	
	
	60
	7*64*Tc
	2.1*64*Tc
	4.9*64*Tc

	2
	120
	60
	3.5*64*Tc
	0.53*64*Tc
	2.97*64*Tc

	
	
	120
	3.5*64*Tc
	0.53*64*Tc
	2.97*64*Tc

	
	240
	60
	3*64*Tc
	0.26*64*Tc
	2.74*64*Tc

	
	
	120
	3*64*Tc
	0.26*64*Tc
	2.74*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [3]


For the Te value suggested in Table 2, the margin values required for different combinations are calculated, we need to wait for the discussion results of the switching time between UL and DL in RF session to decide whether all of combinations in the Table could be realized. The following Table 6 shows the values of required margin for higher SCS combinations:
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Table 6: Margin for 52.6-71GHz
	[bookmark: OLE_LINK12][bookmark: OLE_LINK15]SCS of SSB signals(kHz)
	SCS of uplink signals(kHz)
	CP
	Te
	Minimum timing error
	Margin

	120
	120
	18*64*Tc
	3.5*64*Tc
	0.53*64*Tc
	2.97*64*Tc

	
	480
	4.5*64*Tc
	0.9*64*Tc
	0.53*64*Tc
	0.37*64*Tc

	
	960
	2.25
	0.6*64*Tc
	0.53*64*Tc
	0.07*64*Tc

	480
	120
	18
	2.5*64*Tc
	0.1356*64*Tc
	2.3644*64*Tc

	
	480
	4.5
	0.8*64*Tc
	0.1356*64*Tc
	0.6644*64*Tc

	
	960
	2.25
	0.5*64*Tc
	0.1356*64*Tc
	0.3644*64*Tc

	960
	120
	18
	2*64*Tc
	0.0678*64*Tc
	1.9322*64*Tc

	
	480
	4.5
	0.8*64*Tc
	0.0678*64*Tc
	0.7322*64*Tc

	
	960
	2.25
	0.5*64*Tc
	0.0678*64*Tc
	0.4322*64*Tc


It can be seen that when SCS of uplink signals is greater than SSB SCS, there is little time left for margin, which may be too difficult to implement. Therefore, temporarily removing the corresponding SCS combination need to be considered, we modify Table 2 as follows:
Table 7: Te and the percentage of UL CP length for 52.6-71GHz
	SCS of SSB signals(kHz)
	SCS of uplink signals(kHz)
	CP
	Te
	Percentage of the CP length

	
	
	
	
	

	[bookmark: _Hlk85459042]120
	120
	18*64*Tc
	3.5*64*Tc
	19.4%

	480
	120
	18*64*Tc
	2.5*64*Tc
	13.9%

	
	480
	4.5*64*Tc
	0.8*64*Tc
	20%

	960
	120
	18*64*Tc
	2*64*Tc
	11.4%

	
	480
	4.5*64*Tc
	0.8*64*Tc
	17.8%

	
	960
	2.25*64*Tc
	0.5*64*Tc
	22.2%



[bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: _GoBack]Proposal 2: Define timing error limit requirements as in Table 8:  
Table 8: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	FR 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

	FR 2-1
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	FR 2-2
	120
	120
	3.5*64*Tc

	
	480
	120
	2.5*64*Tc

	
	
	480
	0.8*64*Tc

	
	960
	120
	2*64*Tc

	
	
	480
	0.8*64*Tc

	
	
	960
	0.5*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [3]
Note 2:	The values for SCSs of 480 and 960 kHz are interpolated and not contained in the original Table 7.1.2-1 of 38.133 [2].


3. Summary
[bookmark: OLE_LINK50][bookmark: OLE_LINK51]In this paper, we provide our views on general RRM impact for the extension to 71 GHz. From this discussion we have derived the following proposals: 
Proposal 1: To avoid UL performance degradation, option 1 is supported to keep the Te within the same percentage of the CP length as existing SCS
Proposal 2: Define timing error limit requirements as in Table 8.
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