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Introduction
RRM requirements for Rel-17 URLLC/IIOT were discussed in RAN4#100-e, and the outcomes are captured in the WF [1]. One topic discussed was the impacts of enhanced propagation delay compensation (PDC), but there was not much conclusion due to lack of RAN1 agreement. 
During RAN1#106-e, an LS [2] was sent to RAN4 with the following two questions:
	Question 1: Is it feasible to support a smaller value than the current Te for the use of propagation delay compensation, assuming the existing conditions in TS 38.133 for Te requirement? If not, is it feasible under new conditions (e.g. using TRS instead of SSB)? If the answer is yes, please also provide feedback on how much it can be reduced at most. 
Question 2: Is it feasible to introduce enhanced TA command indication granularity? If the answer is yes, please also provide feedback on how much it can be reduced at most (e.g. reduced to (1/16)* (16*64*Tc/2), similar as the granularity for Rel-16 IAB based on the Timing Delta MAC CE) and related condition.


As RAN4 requirements will be depending on the solution down-selection in RAN1, we suggest in this meeting RAN4 to focus on the questions asked by RAN1, specifically:
· Feasibility of Te enhancement
· Feasibility of TA command indication granularity enhancement 
In this paper, we will provide our views on the questions asked by RAN1 related to PDC.
Discussion
Te enhancement
Te requirements define the maximum allowed difference between the actual UL Tx timing and the ideal UL Tx timing. The ideal UL Tx timing is defined as the time when the first path or first detected path in the DL arrives at the UE antenna minus TA. Te requirements are defined in clause 7.1 of 38.133.
Based on Rel-15 discussion, the difference or the error is the UL Tx timing is mainly caused by two factors:
· The DL detection error 
· The implementation margin
DL detection error 
The DL detection error is the baseband estimation error of the DL Rx timing. It depends on the DL RS BW and the estimation algorithm. Assuming basic implementation, e.g. without considering oversampling, the DL detection would be bounded by 1/(BW*2) if UE can correctly determine the sample for the first path. For 15kHz and 20RB, this error is +/- 4Ts (~130ns) which was used for deriving the current Te requirements. 
It is noted that this value is applicable assuming UE can correctly determine the sample for the first path, which is likely the case for LOS channels with reasonable SINR, but for multi-path NLOS channels, the DL detection error can be larger, and it means the Te requirements are not applicable for all scenarios. This was also the understanding shared by most companies during the discussion on the reference point for Te which was triggered by earlier RAN1 LS [3].
For Te enhancements, one aspect is to enhance the DL detection error e.g. by using more advanced algorithms than the Rel-15 basic assumption. To evaluate the performance, we conducted some link level simulations for the cases listed in Table 1.
Table 1: Assumption for evaluating DL detection error
	Parameter
	Value

	Reference Signal Configuration
	Reference Signal Type
	SCS (kHz)
	BW (RB)

	
	SSB
	15
	20

	
	TRS
	15
	106

	
	
	30
	52

	Channel model
	AWGN, TDL-A, TDL-C, TDL-D

	SNR (dB)
	-6

	Rx number
	2


Our simulation results are shown in Table 2, which lists the DL detection error on the 90-tile of the CDF curve, in the unit of ns. It can be seen that with enhanced baseband estimation, the DL detection error can be smaller than the Rel-15 assumptions. 
Table 2: simulation results for DL detection error (ns)
	
	SSB
	TRS (15k + 106 RB)
	TRS (30k + 52 RB)

	AWGN
	60
	10
	10

	TDL-A
	89
	48
	37

	TDL-C
	280
	190
	189

	TDL-D
	60
	10
	10


There is still a dependency on the propagation channel, e.g. the error can be quite large for some channels. However, as discussed above, Te requirements when taking into account all DL detection errors, are not applicable for all scenarios. For this URLLC discussion we suggest to discuss Te enhancement for LOS channels because this is where the Rel-15 Te requirements are supposed to apply according to the test cases.
Observation 1: Assuming LOS channels, the DL detection error can be enhanced to 
· 60ns for 15kHz SCS SSB
· 10ns for 30kHz SCS TRS with 52 RBs, or 15kHz SCS TRS with 106 RBs
Implementation margin
The implementation margin accounts for all kinds of imperfections e.g. the calibration error for the group delay between baseband and antenna. In current requirements, this margin is about 5~8 Ts for 15kHz and 30kHz SCS. 
Considering that using 5GS based timing provision is enhanced feature and subject to UE capability, we suggest to also enhance the implementation margin. As to the exact value, we suggest 60ns. Of course, this value is rather implementation specific, so we are open to further discussions.
Observation 2: The implementation margin for Te requirements can be enhanced to [60]ns.
Based on above analysis, we suggest to rely to Q1 as follows.
Proposal 1: Inform RAN1 the following on Te enhancement 
· It is feasible to enhance Te for PDC to 
· 120ns assuming 15kHz SSB 
· 70ns assuming 30kHz TRS with 52 RBs, or 15kHz SCS TRS with 106 RBs
· RAN4 derives the above values based on LOS channels with -6dB SINR
· Support of above values is subject to UE capability
TA command indication granularity enhancement 
For enhanced TA command granularity, it is more issue for signalling overhead, and a finer granularity does not mean RAN4 needs to define enhanced requirements for TA adjustment accuracy, so we do not see any feasibility issue from RAN4 perspective. It is noted that the granularity and accuracy are different things, e.g. RAN4 has defined the RSRP reporting granularity as 1dB, but the RSRP accuracy can be as large as 4.5dB.
For Rel-16 IAB, RAN4 has recommended a timing control granularity of 1Ts and 0.5Ts [4], and no feasibility issue was raised up. As to the minimum granularity, we think the same granularity as for IAB should be feasible in all conditions. This means the TA granularity is same as the chip interval. 
Proposal 2: RAN4 confirms it is feasible to enhance the TA command indication granularity to (1/16)* (16*64*Tc/2) in all conditions.
Conclusions
In this paper we provided our views on the questions asked by RAN1 related to PDC.
Proposal 1: Inform RAN1 the following on Te enhancement 
· It is feasible to enhance Te for PDC to 
· 120ns assuming 15kHz SSB 
· 70ns assuming 30kHz TRS with 52 RBs, or 15kHz SCS TRS with 106 RBs
· RAN4 derives the above values based on LOS channels with -6dB SINR
· Support of above values is subject to UE capability
Proposal 2: RAN4 confirms it is feasible to enhance the TA command indication granularity to (1/16)* (16*64*Tc/2) in all conditions.
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1. Overall Description:
RAN4 thanks RAN1 for the information shared in the LS R1-2108635.

RAN4 discussed the questions R1-2108635 and would like to provide the following answers.

Question 1: Is it feasible to support a smaller value than the current Te for the use of propagation delay compensation, assuming the existing conditions in TS 38.133 for Te requirement? If not, is it feasible under new conditions (e.g. using TRS instead of SSB)? If the answer is yes, please also provide feedback on how much it can be reduced at most. 
[RAN4] It is feasible to support a smaller value than the current Te for the use of propagation delay compensation, assuming both existing condition and new conditions. Specifically, it is feasible to enhance Te for PDC to 
· 120ns assuming 15kHz SSB 
· 70ns assuming 30kHz TRS with 52 RBs, or 15kHz SCS TRS with 106 RBs
It is noted that RAN4 derives the above values based on LOS channels with -6dB SINR. Te value can be different under other conditions or assumptions. Support of above values is subject to UE capability.
Question 2: Is it feasible to introduce enhanced TA command indication granularity? If the answer is yes, please also provide feedback on how much it can be reduced at most (e.g. reduced to (1/16)* (16*64*Tc/2), similar as the granularity for Rel-16 IAB based on the Timing Delta MAC CE) and related condition.
[RAN4] It is feasible to enhance the TA command indication granularity to (1/16)* (16*64*Tc/2) in all conditions.

2. Actions:
To RAN1:
RAN4 respectfully asks RAN1 to take the above information into account. 

3. Date of Next TSG-RAN4 Meetings:
TBA
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