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Introduction
In RAN #102e, the following candidate option for enhancement of PDC for NR was agreed:

Agreements:
The following options for propagation delay compensation are further studied in RAN1  
· Option 1: TA-based propagation delay
· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).

· Option 1b: Propagation delay estimation based on timing advanced enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)

· Option 1c: Propagation delay estimation based on a new dedicated signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected)

· Option 2: RTT based delay compensation:
· Propagation delay estimation based on an RAN managed Rx-Tx procedure intended for time synchronization (FFS to expand or separate procedure/signaling to positioning). 

In this contribution, we focus on the PDC procedure discussion.
Compensation procedure enhancement
Considering the new requirement from SA1, enhancement on propagation delay compensation is required. Generally, there are two propagation delay compensation solution: TA based and RTT based.
Compensation based on TA
According to the discussion in RAN#102e, error of time synchronization can be expressed as following formula:


· , it is transmit time alignment error of different transmitter antenna connectors at the gNB. The reference value could be same with the case for MIMO or TX diversity, ±65ns, is defined in TS38.104.
·  , it could assume there is no asymmetry between DL and UL.
· , this is the timing error when gNB conducts the UL timing estimation. The typical value is about 100ns in the 20MHz bandwidth case.
·  , this is the TA information granularity. The indication granularity is, and the error can be regarded as. 
· , it is the real TA adjustment accuracy from UE defined in 38.133. For SCS=15, 30 kHz, the accuracy are {±256 Tc, ±256 Tc}.
If TA accuracy needs to be enhanced, the above factors (,,  , ) can be considered. The value of   and  depend on gNB implementation. And   is also related with UE capability. Minimization of, and  leads implementation complexity. However,   minimization has small impact on implementation and it is an easier way to meet the new requirement. 

Proposal 1: To minimize  is an easier way to meet the new requirement for propagation delay compensation. 

TA related procedure has been supported to synchronize uplink signaling. To finer TA granularity based on TA related procedure has minimum specification impact. Oppositely, a new procedure for propagation delay compensation at least involves procedures, channel and signaling design, which will lead lots of specification work. So it is suggested to reuse TA related procedure with enhancement on finer granularity.

Proposal 2: TA related procedure is reused with enhancement on finer granularity.

One potential mechanism is finer indication for TA information. According to current TA procedure, there are two types of TA information, one is TA in RAR, and the other one is TA command. The first one is transmitted only in random access procedure, and it is used as baseline for subsequent timing adjustment. The second one is for timing adjustment. It is an open issue that finer indication granularity is applied for TA in RAR or TA command.
Alt. 1. Finer granularity for TA in RAR 
If finer granularity is applied for TA in RAR, when UE starts propagation delay compensation, UE has to resume the whole RACH procedure. From perspective of spec, at least MAC CE for RAR needs to be redesigned.

Alt. 2. Finer granularity for TA command only 
If finer granularity is applied for TA command, when UE starts propagation delay compensation, TA command can be triggered by UE. From perspective of spec, MAC CE for TA command needs to be redesigned.

Due to TA command transmission is easier than RACH procedure, Alt 2 is preferred.

Proposal 3: Finer granularity for TA command can meet the requirement of propagation delay compensation. And MAC CE for TA command with finer granularity is preferred.

Compensation based on RTT
Mulit-RTT measurement is supported for NR positioning. And the granularity of RTT report is Tc*2n, n is configured (0 to 5). The range of granularity is about Tc to 32*Tc, 0.5ns to 16ns. It is much smaller than the requirement 450ns.
Observation 1: The accuracy of RTT measurement could meet requirement of propagation delay.
Although the accuracy of RTT could meet requirement of propagation delay, there are some issues on procedures:
· RTT is bounded with positioning feature, which is an optional feature. If the UE does not support positioning feature, we cannot compensate propagation delay based on RTT. So RTT measurement needs to be decoupled with positioning and RTT procedure can be triggered for compensate propagation delay only. 
· RTT information is exchanged between LMF and UE.  So to support propagation delay compensation, we need to design signaling exchange procedure between gNB and UE.
Proposal 4: To reuse RTT information for propagation delay compensation, the following enhancements need to be considered
· RTT procedure should be decoupled with positioning.
· RTT information can be exchanged between gNB and UE. 
For RTT exchange between gNB and UE, there are two potential schemes:
· Scheme 1: UE report T1 to gNB
As shown in Figure 1 (a), UE measures and reports time difference T1 between uplink RS transmission and downlink RS reception. gNB measures T2 between uplink RS reception and downlink RS transmission and calculates RTT.


     
(a)                                                                    (b)
Figure 1. Signaling procedure for propagation delay compensation
· Scheme 2: gNB informs T2 to UE
As shown in Figure 1 (b), UE measures time difference T1 between uplink RS transmission and downlink RS reception. gNB measures T2 between uplink RS reception and downlink RS transmission and informs T2 to UE. And UE calculates RTT.
The comparison between scheme1 and 2 is summarized in Table 2. The major difference between scheme1 and 2 is the object calculating RTT. 
Table 2. Comparison between Scheme 1&2
	
	Measurement
	Measurement result transmission
	RTT calculation

	Scheme 1
	Both gNB and UE
	UE -> gNB
	gNB

	Scheme 2
	Both gNB and UE
	gNB -> UE
	UE



Proposal 5: The following solutions on RTT exchange between gNB and UE can be considered: 
· Scheme 1: UE reports T1 to gNB 
· Scheme 2: gNB informs T2 to UE 
Conclusions
In this contribution, we show our views on propagation delay compensation enhancement with following observations and proposals:
Observation 1: The accuracy of RTT measurement could meet requirement of propagation delay.
Proposal 1: To minimize  is an easier way to meet the new requirement for propagation delay compensation.
Proposal 2: TA related procedure is reused with enhancement on finer granularity.
Proposal 3: Finer granularity for TA command can meet the requirement of propagation delay compensation. And MAC CE for TA command with finer granularity is preferred.
Proposal 4: To reuse RTT information for propagation delay compensation, the following enhancements need to be considered
· RTT procedure should be decoupled with positioning.
· RTT information can be exchanged between gNB and UE. 
Proposal 5: The following solutions on RTT exchange between gNB and UE can be considered: 
· Scheme 1: UE reports T1 to gNB 
Scheme 2: gNB informs T2 to UE  
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