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Introduction
RRM requirements for TEG were discussed in RAN4#102-e, and the outcomes are captured in the WF [1]. According to the work plan, RAN4 should discuss the performance requirements and test cases for TEG. In our view, the following issues should be discussed.
· Margin values for Rx/Tx/RxTx TEG
· Accuracy requirements with TEG
In this paper we will provide our views on the above issues for TEG. We do not address the test cases for TEG as they can be discussed after RAN4 concludes on the accuracy requirements.
Discussion
Margin values for Rx/Tx/RxTx TEG
	Issue 1-1-3 The timing error margins associated with UE/TRP Tx TEGs 
Issue 1-1-4 The timing error margins associated with UE/TRP RxTx TEGs? 
Issue 1-1-5 The number of timing error margins to be defined for each TEG type (Rx TEG, Tx TEG and RxTx TEG)? 
Agreements:
· RAN4 should finalize margins for RSTD and UE Rx-Tx measurement accuracy in Rel-16 before deciding on exact timing error margins for Rx, RxTx and Tx TEGs.
· The candidate values of timing error margins associated with UE/TRP Rx TEGs, Tx TEGs and RxTx TEGs will be defined in Perf part. 


In RAN4#102-e, the group delay calibration margin for Rel-16 accuracy requirements are agreed [2] with some values for small BW open. The margin values are depending on PRS BW for RSTD and min of PRS and SRS BW for UE Rx-Tx. We will discuss the largest BW concerned for the requirements, and the smaller BWs will be discussed next.
For RSTD the calibration margins are copied in Table 1.
Table 1: Group delay calibration margin for RSTD in Rel-16 from [2]
	FR
	PRS BW (MHz)
	Margin (Tc)

	FR1
	≥ 5
	TBD

	
	≥ 10
	TBD

	
	≥ 20
	[36]

	
	≥ 50
	[16]

	
	≥ 100
	[12]

	FR2
	≥ 20
	TBD

	
	≥ 50
	[32]

	
	≥ 100
	[16]

	
	≥ 200
	[12]


For PRS BW of 100MHz (FR1) and 200MHz (FR2), the margin value is 12Tc. For RSTD which is already a differential measurement, this means the timing error difference between the TOA measurement for the reference resource and the target resource is at most 12Tc. The margin values for Rx TEG should be smaller than 12Tc, since otherwise there is no point for UE to report the TEG association. 
In our view, the smallest value of zero should be supported for the TEG margin. When two resources are measured with the same Rx path at the same time, there should be no difference between the timing errors of the two measurements. When UE groups TOA measurements from different Rx paths or from different times, larger margin values may be needed. 
Since the smallest value should be zero, and the largest value should be smaller than 12Tc, we suggest to define {0, 2, 4, 6, 8}Tc as the candidate values for the Rx TEG margin. This would require 3 bits signaling, and it should not be an issue for a measurement report via LPP.
For Tx TEG, we think the same value can be re-used from Rx TEG because the contributing factors for the timing error are similar. 
Proposal 1: Define the candidate values for Rx TEG as {0, 2, 4, 6, 8}Tc for PRS/SRS BW of 100MHz (FR1) and 200MHz (FR2).
Proposal 2: Define the candidate values for Tx TEG as {0, 2, 4, 6, 8}Tc for PRS/SRS BW of 100MHz (FR1) and 200MHz (FR2).
For UE Rx-Tx the calibration margins are copied in Table 2.
Table 2: Group delay calibration margin for UE Rx-Tx in Rel-16 from [2]
	FR
	Min(PRS BW, SRS BW) (MHz)
	Margin (Tc)

	FR1
	≥ 5
	TBD

	
	≥ 10
	[80]

	
	≥ 20
	[56]

	
	≥ 50
	[24]

	
	≥ 100
	[24]

	FR2
	≥ 20
	[76]

	
	≥ 50
	[32]

	
	≥ 100
	[24]

	
	≥ 200
	[20]


For min of PRS and SRS BW of 100MHz (FR1) and 200MHz (FR2), the margin value is 24Tc and 20Tc. As UE Rx-Tx is an absolute measurement, the timing error difference between two measurement can be up to 48Tc. This means the largest margin value for RxTx TEG should be smaller than 48Tc. 
For the smallest value, we think it should be also zero, accounting for the case where two measurements are taken with the same Rx-Tx path and at the same time. We suggest to define the candidate margin values for RxTx TEG as {0, 2, 4, 8, 12, 16, 24}. This should allow sufficient UE/TRP flexibility for determining TEG.
Proposal 3: Define the candidate values for RxTx TEG as {0, 2, 4, 8, 12, 16, 24}Tc for min of PRS and SRS BW of 100MHz (FR1) and 200MHz (FR2).
As can be seen from Table 1 and Table 2, the Rel-16 calibration margin is dependent on the BW. We think the same principle should apply for the TEG margin values. For smaller BWs, we suggest to scale the values by a factor as in Rel-16 assumption. For example, in Table 1 the margin for 50MHz (16Tc) is 1.33 times the margin for 100MHz (12Tc), so the Rx TEG margin values for 50MHz can be also scaled by 1.33.
Proposal 4: For smaller BW, the margin values are scaled by a factor as in Rel-16 assumption. 
Accuracy requirements with TEG
In Rel-16 all the accuracy requirements are defined based on the assumption of 2Rx. On the other hand, one of the main intention of TEG framework is to allow UE/TRP to inform LMF which measurements are taken by the same Rx path, since measurements taken by the same Rx path are more likely to be group in one TEG (although how to map the Rx paths to TEGs is up to implementation). 
We think RAN4 needs to clarify whether measurement associated with a TEG is assumed to be taken by 
· Option 1: 2Rx, so that the BB estimation accuracy should be same as in Rel-16, or 
· Option 2: 1Rx, so that the BB estimation accuracy can be worse than Rel-16.
Proposal 5: RAN4 to discuss whether the measurement associated with a TEG should meet 2Rx requirement, or a relaxed 1Rx requirement.
For the accuracy requirements based on TEG, we think RAN4 could define enhanced RSTD accuracy for the case where reference resource and the target resource are reported with same TEG ID
In Rel-16, the calibration margin as agreed in [2] are added on top of the BB estimation accuracy. In Rel-17, when reference resource and the target resource are reported with same TEG ID, the calibration margin can be reduced to the margin value reported by the UE.
Proposal 6: Define enhanced RSTD accuracy requirements with reduced timing error for the case where reference resource and target resource are in same Rx TEG.
Besides, we suggest RAN4 to consider defining relative accuracy for UE Rx-Tx. In Rel-16 RAN4 only defined absolute accuracy for UE Rx-Tx, which cannot be used to regulate the performance with RxTx TEG. The relative accuracy for UE Rx-Tx will be similar to RSTD accuracy, and requirements can be defined for the case where two measurements are in same RxTx TEG.
However, defining relative UE Rx-Tx means RAN4 needs to also simulate the BB estimation error depending on the target Es/Iot conditions, and also account for the frequency drift margin between two UE Rx-Tx measurements. The standardization efforts should be also considered since we only have 2 meetings to close the Perf part.
Proposal 7: Discuss whether to define relative UE Rx-Tx accuracy requirements with timing error for the case where two measurements are in same RxTx TEG.
Conclusions
In this paper we provided our views on accuracy requirements for TEG.
Proposal 1: Define the candidate values for Rx TEG as {0, 2, 4, 6, 8}Tc for PRS/SRS BW of 100MHz (FR1) and 200MHz (FR2).
Proposal 2: Define the candidate values for Tx TEG as {0, 2, 4, 6, 8}Tc for PRS/SRS BW of 100MHz (FR1) and 200MHz (FR2).
Proposal 3: Define the candidate values for RxTx TEG as {0, 2, 4, 8, 12, 16, 24}Tc for min of PRS and SRS BW of 100MHz (FR1) and 200MHz (FR2).
Proposal 4: For smaller BW, the margin values are scaled by a factor as in Rel-16 assumption. 
Proposal 5: RAN4 to discuss whether the measurement associated with a TEG should meet 2Rx requirement, or a relaxed 1Rx requirement.
Proposal 6: Define enhanced RSTD accuracy requirements with reduced timing error for the case where reference resource and target resource are in same Rx TEG.
Proposal 7: Discuss whether to define relative UE Rx-Tx accuracy requirements with timing error for the case where two measurements are in same RxTx TEG.
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