3GPP TSG-RAN WG2 #107bis                                                                         R2-1912927

Chongqing, China, 14th - 18th October 2019

Agenda Item:
6.7.2.1


Source: 
CMCC
Title: 
Analysis on RAN1 LS 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 still some Left issues of the method of propagation delay compensation in RAN2#105bis meeting and a LS[1] was sent to RAN1 for answers in RAN2#106 meeting.  And in RAN1#98 meeting, a reply LS on propagation delay compensation for reference time information delivery [2] had sent to RAN2 with some RAN1’s conclusion on propagation delay compensation for reference time information delivery and some questions to RAN4/RAN5. The questions to RAN4/RAN5 focus on the specific timing accuracy requirements and the feasibility of the testing for time synchronization accuracy over Uu interface, which is barely impact on RAN2.  Hence, in this contribution, we would like to provide our investigation on how to achieve RAN2’s conclusion based on the RAN1 LS.
2 Discussion
The questions from RAN2 on propagation delay compensation for reference time information to RAN1 in [1] as follows:
RAN1 discussed the following requests from RAN2:

Then in the RAN1 reply LS [2], the answer1 from RAN1 is listed as follow:
	Answer to Q1: Timing Advance based methods were used to obtain propagation delay compensation for the time synchronization accuracy analysis captured in Sec. 6.3.2.4. of TR 38.825. The evaluations assumed that the timing advance value is used by the gNB to align the reception timing of UEs’ UL transmission with the DL timing at the gNB.


Then in the RAN1 reply LS [2], the answer2 from RAN1 is listed as follow:
	Answer to Q2: 
· RAN1 further discussed when the propagation delay needs to be compensated as the studies captured in TR 38.825 had been performed with and without propagation delay compensation. RAN1 continues discussing when and how to apply propagation delay compensation including TDD operation aspects.
· RAN1 discussed the need to define time synchronization accuracy requirements of the Uu interface (i.e. the maximum amount of uncertainty introduced when delivering a 5G system clock using RRC unicast or a SIB based method between gNB and UE as studied by RAN1 during the IIoT SI phase) and believes, that it is useful to define requirements and related UE test cases for the overall time synchronization accuracy of the Uu interface (and not just the propagation delay compensation). 
It is the RAN1 understanding that for such requirements and/or the testing the existing NR physical layer specifications (incl. 38.215) cannot provide support for such requirements / testing. Moreover, the feasibility of defining related test cases for the UE overall is not clear to RAN1, which would need further clarification from RAN4 and RAN5.


As listed in [3], 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.
Actually, in [4], RAN1 had pointed out that only if a UE was to apply propagation delay compensation, a gNB-to-UE synchronization accuracy of 470ns to 540ns for 15kHz SCS can be achieved for larger service areas with more sparse cell deployments (e.g. for inter-site distances >200m the gNB-to-UE timing synchronization accuracy without propagation delay compensation may be worse than 1us). At that time, it is not clear what propagation delay compensation method is assumed at UE. Currently, according to RAN1’s answer to question 1 in the reply LS, it is obvious that RAN1 confirmed that the Timing Advance based methods were used to obtain propagation delay compensation for the required high time synchronization accuracy, especially for the cell of large coverage. This means some specification enhancement on RAN1 and RAN2 needs to be studied, not only relied on UE and/or network implementation. 
Observation 1: according to RAN1’s answer to question 1 in the reply LS, it is obvious that RAN1 confirmed that the Timing Advance based methods were used to obtain propagation delay compensation for the required high time synchronization accuracy. This means some specification impact on RAN1 and RAN2 needs to be studied, not only relied on UE and/or network implementation.
As mentioned in introduction part, the questions to RAN4/RAN5 focus on the specific timing accuracy requirements and the feasibility of the testing for time synchronization accuracy over Uu interface, which is barely impact on RAN2. The RAN4/RAN5’s reply will just make sure whether to enhance the parameter related to the requirement value, and if needed, the specific new values of the UE initial transmit timing accuracy, maximum amount of timing change in one adjustment, minimum and maximum adjustment rate specified in TS 38.133 [7], e.g. Te and UE Timing Advance adjustment accuracy, which is from quantitative aspect. Considering only two meeting left, RAN2 can firstly study on the impact of Timing Advance based methods from high layer perspective, which is focus on qualitative aspect.
Observation 2: The RAN4/RAN5’s reply will just make sure whether to enhance the parameter related to the requirement value, and if needed, the specific new values e.g. Te and UE Timing Advance adjustment accuracy, which is from quantitative aspect. Considering only two meeting left, RAN2 can firstly study on the impact of Timing Advance based methods from high layer perspective, which is focus on qualitative aspect.
Proposal 1: RAN2 should study the impact of Timing Advance based methods.

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. And the granularity of TA value sent in TA command is 
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Table 7.3.2.2-1: UE Timing Advance adjustment accuracy [7]
	Sub Carrier Spacing, SCS kHz
	15
	30
	60
	120

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


As we know, since the granularity of TA values in traditional TA procedure is 0.52us, which is equal to the granularity for DL delay compensation is 0.25us,  the legacy timing advance MAC CE cannot competent to the task of determining downlink delay compensation in high time synchronization accuracy. 
The possible approaches listed as follows:
1) A new TA MAC CE with small TA step for high time synchronization accuracy, while traditional TA MAC CE for low time synchronization accuracy;
a. Improving TA step value into a constant value;

b. Configure different TA step value for different levels of time synchronization accuracy;
2) Combination method of a traditional TA MAC CE and additional new TA MAC CE with small TA step for adaptation to meet the high synchronization accuracy;

Proposal 2: RAN2 can study and down select a specific Timing Advance based methods.

Based on the above enhancement, the impacts on RAN2 would be as follows:

1) Introduce a new LCID for the new Timing Advance Command MAC CE for high time synchronization accuracy;

2) The impact on both Timing Advance Command MAC CE and the “Timing Advance Command” field in the The MAC RAR;

3) The bit size need extent for both Timing Advance Command MAC CE and the “Timing Advance Command” field in the The MAC RAR due to the finer UE Timing Advance adjustment granularity, and the specific bit size is FFS, as the UE Timing Advance adjustment granaularity/accuracy will be specified in RAN1/RAN4;

4) A common timeAlignmentTimer for both regular TA and enhanced TA in a TAG or a dedicated timeAlignmentTimer specified for enhanced TA in a TAG;
5) Current the value range of timeAlignmentTimer is {ms500, ms750, ms1280, ms1920, ms2560, ms5120, ms10240, infinity}, whether serval smaller values need to be added to avoid time out of sync for high time synchronization accuracy.
6) If 1b) adopted, RRC signalling for TA granularity level in needed.
Proposal 3: RAN2 can go through the above impacts on RAN2 of the enhanced Timing Advance based methods.

3 Conclusions

In this paper, the following observation and proposal are given:
Observation 1: according to RAN1’s reply in the LS, it is obvious that RAN1 confirmed that the Timing Advance based methods were used to obtain propagation delay compensation for the required high time synchronization accuracy. This means some specification impact on RAN1 and RAN2 needs to be studied, not only relied on UE and/or network implementation.
Observation 2: The RAN4/RAN5’s reply will just make sure whether to enhance the parameter related to the requirement value, and if needed, the specific new values e.g. Te and UE Timing Advance adjustment accuracy, which is from quantitative aspect. Considering only two meeting left, RAN2 can firstly study on the impact of Timing Advance based methods from high layer perspective, which is focus on qualitative aspect.
Proposal 1: RAN2 should study the impact of Timing Advance based methods.

Proposal 2: RAN2 can study and down select a specific Timing Advance based methods.
Proposal 3: RAN2 can go through the above impacts on RAN2 of the enhanced Timing Advance based methods.
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Q1. What method did RAN1 assume for propagation delay compensation in their synchronization accuracy analysis in IIoT study (as per results captured in TR 38.825), e.g. was it Timing Advance based or based on another method?


Q2. Does RAN1 see the need for specifying any propagation delay compensation requirements or enhancements in order to meet the synchronization requirements as studied in NR Industrial IoT SI?
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