3GPP TSG-RAN WG2 #107
R2-1909457
Prague, Czech, 26 August - 30 August 2019
Agenda Item:
11.7.2.1


Source: 
CMCC
Title: 
Consideration on propagation delay compensation
Document for:
Approval
1 Introduction
In RAN2#105bis meeting, regarding the compensating for RF propagation delay, although there was a hot discussion on this took place, no consensus had been achieved yet. It seems there is no convergence view proposed in the relevant ongoing email discussion. And the following bullets are the assumption of RAN2 and left FFS, with respect to the compensating for propagation delay:
	· R2 assumes that some propagation delay compensation may be needed for distance > 200m. 

· FFS what would be the method, e.g. based on current TA, and whether this can be left for UE implementation or something need to be specified.  


And in RAN2#106 meeting, regarding the accuracy of timing reference, there is an agreement on granularity:  

· Signalling to support 10ns granularity. 
However, there is no discussion touching the left FFS of the method of propagation delay compensation in RAN2#105bis meeting. Hence, in this contribution, we focus on the investigation of compensating for propagation delay to progress the study of compensating for RF propagation delay.
2 Discussion
As listed in [1], the follows are the main approaches from participants:

Option 1a: Leave this up to UE implementation and do not specify any enhancements.

Option 1b: Leave this up to UE implementation but specify finer granularity of TA command to assist the UE calculation.

Option 2a: Specify in the specifications propagation delay compensation based on TA command (no TA granularity enhancements).

Option 2b: Specify in the specifications propagation delay compensation based on TA command and enhance TA granularity.

Option 3: Perform pre-compensation on the network side (up to network implementation) and add the indication in the network to UE signalling that the time information was pre-compensated. 

Based on the above approaches, they can be clarified into two main approaches:

Option 1: Leave this up to UE and/or network implementation;

Option 2: Specify in the specifications propagation delay compensation based on TA command and/or enhance TA granularity.
In this contribution, the inaccuracy between gNB and external clock is ignored which highly depends on the gNB implementation and focus on time synchronization accuracy over Uu interface. And in previous RAN1 meetings, RAN1 has performed analysis on the achievable time synchronization accuracy over Uu interface, as mentioned in [2] [3], and provided the following factors which impact the UE t-sync accuracy for larger service areas as well:
· gNB transmit time alignment error (TETAE): Is the transmit time alignment error of different transmitter branches at the gNB. As this is the timing offset will affect the gNB TA setting, only half of the error TETAE /2 will be contributing to the UE timing accuracy.

· UL/DL propagation delay difference (TEΔPD): The propagation delay is to be compensated based on TA command. For TDD the TA/2 will able to fully compensate for the DL propagation delay since UL and DL delays are nearly symmetric, but for FDD (assuming uncorrelated fading) this is not the case. As the UE is only compensating for TA/2, the timing error due to UL/DL asymmetry is one half of the difference between UL & DL propagation delays i.e. TEΔPD/2.   

· UE transmit timing error (TEUE-DL-to-TX): This includes errors in the UE processing with respect to inaccurate DL timing estimation and the related UE timing for UL transmission. Again, as this error is visible at the gNB when adjusting the timing advance, only half of the error TEUE-DL-to-TX /2 will be contributing to the UE timing accuracy.

· gNB UL receive timing estimation error (TEUL-RX): This error is due to imperfect UL timing estimation of the UE at the gNB. As this error is included in the gNB TA command, only half of the error TEUL-RX/2 will be contributing to the UE timing accuracy. 

· Timing advance granularity (TETA-G): This is basically the error introduced due to a limited TA command granularity (i.e. basically a quantization error). As only TA/2 is included in the absolute UE timing assumption, only TETA-G /2 contributes to the absolute UE timing accuracy.

· Relative Timing Advance adjustment accuracy (TETA-err): This is the TA adjustment error at the UE side – again only half the error TETA-err /2 contributes to the absolute UE timing accuracy.

Overall, from RAN1 perspective the time synchronization accuracy on the Uu interface can be calculated as:

TEUE-Uu-Large=½* (TETAE + TEΔPD + TEUE-DL-to-TX + TEUL-RX + TETA-G + TETA-err)
The above description can be classified into the following main aspects to impact the UE t-sync accuracy for larger service areas:
1. propagation delay depending on the distance and channel delay spread between gNB and UE

2. Errors related to implementation losses at network

3. Errors related to implementation losses at UE
2.1 
Propagation delay calculation

Timing Advance (TA) is used to compensate for the propagation delay as the signal travels between the UE and gNB. The accuracy of UE detection, accuracy of gNB detection and accuracy of TA command signalling all impact on the propagation delay accuracy.
UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate are specified in TS 38.133 [4], e.g. Te and UE Timing Advance adjustment accuracy, as shown in the following table, while the requirement of timing error of gNB detection is purely implementation. For simplicity, it is assumed that inaccuracy caused by gNB detection is the same as or smaller than that of UE detection which is given in the above section. TA value is sent in TA command, granularity of TA value is 
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Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(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
	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
Editor’s note: The final values of Te for 120KHz SSB SCS are subject to further discussions in further meeting, and may not be outside 3*64*Tc to 3.5*64*Tc.


Table 7.1.2-3: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (KHz)
	Tq
	Tp 

	1
	15
	[5.5]*64*Tc
	[5.5]*64*Tc

	
	30
	[5.5]*64*Tc
	[5.5]*64*Tc

	
	60
	[5.5]*64*Tc
	[5.5]*64*Tc

	2
	60
	[2.5]*64*Tc
	[2.5]*64*Tc

	
	120
	[2.5]*64*Tc
	[2.5]*64*Tc

	NOTE 1:
Tc is the basic timing unit defined in TS 38.211


Table 7.3.2.2-1: UE Timing Advance adjustment accuracy

	Sub Carrier Spacing, SCS kHz
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc


2.2 Errors related to implementation losses on network

Since the timing error may exist at the gNB side due to the deviation of actual radiated waveform from the intended timing, requirement of timing alignment errors (TAE) at the gNB transmitter is specified in TS38.104. This requirement applies to frame timing in TX diversity, MIMO transmission, carrier aggregation and their combinations. For the synchronisation, 65 ns can be assumed for factory automation use case, which is the strictest requirement.
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2.3 Error related to implementation losses on UE

Currently, there is no specification on timing error caused by UE detection/reception and no definition on the UE reporting of a time to external devices or nodes. The current related specification is only performance requirements in 38.133 for timing at UE relate to uplink transmission by the UE, including the detecting error of downlink signal and TA adjustment accuracy at the UE, as shown in the tables of section 2.1.1. That is, the requirement of timing error at the UE detection/reception could be reflected by Te Timing Error Limit and UE Timing Advance adjustment accuracy.
The above description can be summarized as the following table:

Table 2: Summary of the type of UE timing synchronization errors for larger service areas 
	Error source
	Error Type

	Propagation delay difference (TEΔPD)
	Propagation delay depending on the distance and channel delay spread between gNB and UE, enhancement of TA command may be needed

	Timing advance adjustment granularity (TETA-G)
	· 

	TA adjustment accuracy (TETA-err)
	

	UE transmit timing error (TEUE-DL-to-TX)
	Errors related to implementation losses at UE, part requirement specified may be needed

	gNB UL receive timing estimation error (TEUL-RX)
	Errors related to implementation losses at gNB, current  specified requirement is enough


	gNB time alignment error (TETAE)
	

	UE timing accuracy
TEUE-Uu  (1)
	TEUE-Uu=½* (TETAE + TEΔPD + TEUE-DL-to-TX + TEUL-RX + TETA-G + TETA-err)




According to the above analysis, it can be observed that even the UE/gNB implementation part is still impacted by the relevant specified requirement, e.g. Timing Error Limit and UE Timing Advance adjustment accuracy. Actually, RAN1 and RAN4 are more expert in the above analysis than RAN2. Therefore, we prefer to send a LS to RAN1 and RAN4 on the study of propagation delay compensation, not hastily come to the conclusion that propagation delay compensation for the tight synchronization accuracy requirements can be left to the implementation on UE and gNB.

Observation: it can be observed that even the UE/gNB implementation part is still impacted by the relevant specified requirement, e.g. Timing Error Limit and UE Timing Advance adjustment accuracy. Actually, RAN1 and RAN4 are more expert in the above analysis than RAN2.
Proposal: it is proposed to send a LS to RAN1 and RAN4 on the study of propagation delay compensation, not hastily come to the conclusion that propagation delay compensation for the tight synchronization accuracy requirements can be left to the implementation on UE and gNB.
3 Conclusions

In this paper, the following observation and proposal are given:
Observation: it can be observed that even the UE/gNB implementation part is still impacted by the relevant specified requirement, e.g. Timing Error Limit and UE Timing Advance adjustment accuracy. Actually, RAN1 and RAN4 are more expert in the above analysis than RAN2.
Proposal: it is proposed to send a LS to RAN1 and RAN4 on the study of propagation delay compensation, not hastily come to the conclusion that propagation delay compensation for the tight synchronization accuracy requirements can be left to the implementation on UE and gNB. 
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6.5.3.2	Minimum requirement for BS type 1-C and 1-H


For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.


For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260ns.


For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 3µs.


For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 3µs.
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