Page 1

[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN WG1 #106bis-e	R1-2109485
e-Meeting, October 11th – 19th, 2021

[bookmark: Source]Agenda item:	8.3.2
Source: 	Samsung 
Title: 				     Enhancements for unlicensed band URLLC/IIoT 
Document for:		Discussion and decision
Introduction
In RAN 1 # 105e-meeting, the following agreements were made:
Agreement
SRS can be used for Rx – Tx time difference estimation at gNB side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.
Agreement
If RTT-based propagation delay compensation is supported, 
· CSI-RS for tracking (TRS) can be used for Rx – Tx time difference estimation at UE side, if PRS is not configured for the UE.
· PRS can be used for Rx – Tx time difference estimation at UE side, if PRS is configured for the UE.  

Agreement
Send LS to RAN4 to ask for defining the following for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· UE Rx-Tx time difference measurement accuracy errorUE,RxTxDiff based on CSI-RS for tracking
· gNB Rx-Tx time difference absolute accuracy errorUE,RxTxDiff based on SRS
Agreement
Support the following configurations for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.  
· At least one CSI-RS for tracking (TRS) configuration for Rx – Tx time difference estimation at UE side if PRS is not configured
· At least one SRS configuration for Rx – Tx time difference estimation at gNB side
Agreement
If RTT-based propagation delay compensation is supported and performed at the UE side, the Rx-Tx measurement report provided from the gNB to the UE should include at least:  
· gNB Rx-Tx time difference at a given granularity
· FFS whether to include SRS-Resource-ID

Agreement
Take the following two alternatives as the equation for evaluation of the overall time synchronization error for RTT-based propagation delay compensation. RAN1 to select one of the alternatives in RAN1#106bis-e.
· Alt. 1: 
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·  is to reflect the error due to indication granularity of Rx-Tx time difference
·  and  reflects the measurement inaccuracy of gNB Rx-Tx time difference, and the measurement inaccuracy of UE Rx-Tx time difference, respectively. 
· Note: The equation may be updated after clarification on the gNB TX-RX timing difference and UE TX-RX timing difference
· Alt. 2: 
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·  is to reflect the error due to indication granularity of Rx-Tx time difference
· Note: Alt.2 assumes that gNB can coordinate the time of TA procedure and the time of PD compensation, so that the DL frame timing error and BS transmit timing error for propagation delay estimation is correlated to (e.g. the same as) that for the transmission of RRC signaling carrying the reference time clock
Note: FFS whether / how to handle inconsistent RTT measurement in gNB and UE due a change of uplink TX timing

[bookmark: _Ref465413974]This contribution discusses propagation delay compensation from RAN 1 perspective.  
Comparison of TA-based based and RTT based method
For TA based method, according RAN 4 LS received in RAN 1 #105e, the two alternatives for error calculation for TA based methods can be updated into:
· Alt. 1: 




· Alt. 2: 



· [Note: Alt.2 assumes that gNB can coordinate the time of TA procedure and the time of PD compensation, so that the DL frame timing error and BS transmit timing error for propagation delay estimation is correlated to (e.g. the same as) that for the transmission of RRC signaling carrying the reference time clock] 
In both alternative, UE initial transmit timing error Te contributes the most. The LS to RAN 4 asked whether UL initial transmission timing error can be reduced or not, as well as the indication granularity. 

For RTT based method, as discussed in FL summary [1], propagation delay estimation is based on the RAN managed Rx-Tx procedure, shown a Fig. 1. 
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·  is to reflect the error due to report granularity of Rx-Tx time difference
·  and  reflects the measurement inaccuracy of gNB Rx-Tx time difference, and the measurement inaccuracy of UE Rx-Tx time difference, respectively. 
·  is to reflect the error due to the granularity of propagation delay indication, and it is applied only for gNB-based RTT, i.e. it is not needed for UE-based RTT. 
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Fig 1

There were two alternatives agreed for the propagation delay estimation for RTT based. 
For Alt 1, it assumed that  and  that reflect the measurement inaccuracy of gNB Rx-Tx time difference, and the measurement inaccuracy of UE Rx-Tx time difference, respectively, also can reflect the transmission error at UE side. The companies support Alt 1 believe that, UE itself can know where the UL signal is actually transmitted, so that the  has cover the UL transmit error and UE detect error. However, the other side wants to separate calculate the transmit error and reception error. Similar as the error created at gNB side. 

For Alt 1, we can take 32Tc = 16ns for . For measurement accuracy of gNB and UE Rx-Tx timing difference, there is no stable RAN 4 requirements, and the performance depends on PRS bandwidth and SRS bandwidth. For estimation, we can use about ±180Tc= ±91.6ns for  , and for 117Tc =59.5ns for . Taking = ±65ns and   =±116 ns. The total error of alt 1 is about:
=65+116+(91.6+59.5+16)/2 =265.55ns. Without margin in RAN 4, RTT based solution can meet the requirement. However, if the margin defined in RAN 4 is large, it may cause restriction on BW of PRS or subcarrier spacing. 
For Alt 2, based on the analysis in [2], the actual performance is related to the occupied bandwidth for CSI-RS. 

Observation: for RTT based method, the error is about 265.55ns for the worse case without considering the margin, which is still under discussion in RAN 4. 
Based on the observations made in RAN 1 104b-e, propagation delay compensation based existing TA procedure can meet the requirement of smart grid scenario. Since this will not require UE to support PRS based measurement, it is suggested to also support TA based propagation delay compensation at least for smart grid scenario. For control-to-control scenario, we suggest to wait for RAN 4 requirement. 
Proposal: Adopt existing TA procedure for propagation delay compensation for smart grid scenario. 
Conclusions
 This paper discussed the propagation delay compensation. Based on the analysis, we propose to make the following observation and proposal:
Observation: for RTT based method, the error is about 265.55ns for the worse case without considering the margin, which is still under discussion in RAN 4. 
 Proposal: Adopt existing TA procedure for propagation delay compensation for smart grid scenario. 
References
[1] R1-2108634, Final feature lead summary on propagation delay compensation enhancements, Moderator (Huawei)
[2] R1-2106638,	Discussion on enhancements for propagation delay compensation	Nokia, Nokia Shanghai Bell
Page 1
image10.emf
𝑒𝑟𝑟𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 , 𝑅𝑇 𝑇 𝑏𝑎𝑠𝑒𝑑 ≤   𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝐷𝐿 , 𝑇𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋 + 1 2 ൫ 𝑒𝑟 𝑟𝑜𝑟 𝑔𝑁𝐵 , 𝑅𝑥𝑇𝑥𝐷𝑖𝑓𝑓 + 𝑒𝑟 𝑟𝑜𝑟 𝑈𝐸 , 𝑅𝑥𝑇𝑥𝐷𝑖𝑓𝑓 + 𝑒𝑟𝑟𝑜𝑟 𝑅𝑥𝑇𝑥𝐷𝑖𝑓𝑓 _ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑜𝑛 ൯  


image20.emf
𝑒𝑟𝑟𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 , 𝑅𝑇 𝑇 𝑏𝑎𝑠𝑒𝑑 ≤   [ 1 2 ∗ ] 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝐷𝐿 , 𝑇𝑋 + 1 2 ቀ 𝑒𝑟𝑟𝑜 𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜 𝑟 𝐵𝑆 , 𝑈𝐿 , 𝑅𝑋 + [ 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝑈𝐿 , 𝑇𝑋 ] + 𝑒𝑟𝑟𝑜𝑟 𝑅𝑥𝑇𝑥𝐷𝑖𝑓𝑓 _ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑜𝑛 ቁ  


image3.emf

image4.png
L propagation delay
o olB Rx

o eB T

DL propagation delay




image1.emf
𝑒𝑟𝑟𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 , 𝑅𝑇 𝑇 𝑏𝑎𝑠𝑒𝑑 ≤   𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝐷𝐿 , 𝑇𝑋 + 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋 + 1 2 ൫ 𝑒𝑟 𝑟𝑜𝑟 𝑔𝑁𝐵 , 𝑅𝑥𝑇𝑥𝐷𝑖𝑓𝑓 + 𝑒𝑟 𝑟𝑜𝑟 𝑈𝐸 , 𝑅𝑥𝑇𝑥𝐷𝑖𝑓𝑓 + 𝑒𝑟𝑟𝑜𝑟 𝑅𝑥𝑇𝑥𝐷𝑖𝑓𝑓 _ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑜𝑛 ൯  


image2.emf
𝑒𝑟𝑟𝑜𝑟 𝑡𝑜𝑡𝑎𝑙 , 𝑅𝑇 𝑇 𝑏𝑎𝑠𝑒𝑑 ≤   [ 1 2 ∗ ] 𝑒𝑟𝑟𝑜𝑟 𝐵𝑆 , 𝐷𝐿 , 𝑇𝑋 + 1 2 ቀ 𝑒𝑟𝑟𝑜 𝑟 𝑈𝐸 , 𝐷𝐿 , 𝑅𝑋 + 𝑒𝑟𝑟𝑜 𝑟 𝐵𝑆 , 𝑈𝐿 , 𝑅𝑋 + [ 𝑒𝑟𝑟𝑜𝑟 𝑈𝐸 , 𝑈𝐿 , 𝑇𝑋 ] + 𝑒𝑟𝑟𝑜𝑟 𝑅𝑥𝑇𝑥𝐷𝑖𝑓𝑓 _ 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑖𝑜𝑛 ቁ  


