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Introduction
May meeting officially marks the start of Rel-17 IIoT and URLLC enhancement in RAN4. Please see the objective in the work item description [1] copied in the below box, that is related to RRM.
	4. Enhancements for support of time synchronization:
1. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
1. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]


In the past meetings, RAN4 had been discussing UE transmit timing error thanks to RAN1 LS in [2]. RAN4 replied to RAN1 in an LS [3], in the last meeting. In addition, RAN4 agreed to continue to investigate and discuss further on the reference point definition in the coming meetings.
In the contribution, we continue to discuss further on the reference point definition and try to catch on what is the scope in RAN4 for the propagation delay compensation enhancements.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Continue to discuss UE timing reference point
Background
In Release-17 NR URLLC/IIOT, there is an objective of enhancing absolute timing synchronization accuracy. One of the main features in this context is a specification-based procedure of propagation delay (PD) estimation and compensation. During the discussion on compensation options and achievable error bounds, RAN1 arrived at an issue on whether the initial transmit timing error Te depends on / includes the DL frame boundary detection error at the UE. 
RAN1 sent an LS in R1-2102245 [2] asking about whether downlink timing detection error is considered included in Te requirements defined in TS 38.133 and how to interpret the UE behaviours when applying TA and TAoffset to the timing reference point for UE UL transmit timing.
RAN4 consensus is that the detection error is included in Te value requirement but how to interpret the reference point defined in section 7.1.2 TS 38.133 needs further discussion in RAN4. A reply LS was approved to reply to RAN1 in R4-2105850 [3] confirming that the detection error is included in Te but RAN4 needs further discussion in how the interpretation of reference point is justified in the coming meeting.
	RAN4 has the common understanding that downlink frame timing detection error is already included in UE transmit timing error (i.e. Te defined in section 7.1.2 in TS 38.133). 
RAN4 will further discuss the reference point definition in the future to clarify the term.


RAN4 core spec for UE timing 
In TS 38.133 RAN4 specifies the UE behaviours for adjusting its UL timing so that the network correctly receives its UL signals. See the below box in which the exact specification is copied.
	38.133, section 7.1.2
The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA for PRACH is defined as 0.


It seems that by ‘the first detected path’ wording, the Te does not include the DL detection error for the UE. However actually, this is the best wording we can find to describe and specify the correct UE behaviour, because there is no way for the UE to know the ‘true arrival timing’ of the DL signals. Since there is no way for the UE to have better info of the difference between its perceived timing and the true timing, RAN4 didn’t specify anything about it.
That is to say if we specify like what is indicated in the option 2 of the RAN1 LS, by saying that the downlink timing is defined as the time when the ‘true arrival timing’ at the UE of the corresponding downlink frame from the reference cell, it is not possible for the UE to comply with the specification.
Observation 1: Since there is no way for a UE to know the DL frame timing detection error, it has no choice but to simply use the perceived timing.
In parallel with this paper, a draftCR (Intel co-signed) is also submitted to implement the proposed clarification on the wording to the abovementioned requirements. 
Proposal 1: The interpretation of “the reference point” defined in section 7.1.2 in TS 38.133 for UE transmission timing is   (NTA + NTA offset)*Tc ahead of the time when the first path (in time) from the reference cell arrives at the UE antenna.
RAN4 test case requirements for Te
Nonetheless in test cases, the UE transmit timing is compared with the expected timing from the TE. This means that the UE must consider its accuracy to be enough as Te can cover the detection error.
	38133 section A.4.4.1.1 UE timing test
A.4.4.1.1.2           Test requirements
The test sequence shall be carried out in RRC_CONNECTED for every test case.
Following will be the test sequence for this test
1)  Set up E-UTRA PCell according to parameters given in Table A.3.7.2.1-1 and setup NR PSCell according to parameters given in Table A.4.4.1.1.1-1.
[bookmark: _Hlk521604672]2)  After connection set up with the cell, the test equipment will verify that the timing of the NR cell is within (NTA + NTA_offset)×Tc ± Te of the first detected path of DL SSB.
a.   The NTA offset value (in Tc units) is 25600 
b.   The Te values depend on the DL and UL SCS for which the test is being run and are given in Table 7.1.2-1
3)  The test system shall adjust the timing of the DL path by values given in Table A.4.4.1.1.2-1
Table A.4.4.1.1.2-1: Adjustment Value for DL Timing
	SCS of SSB signals (kHz)
	Adjustment Value

	
	Test1
	Test2

	15
	+64*64Tc
	+32*64Tc

	30
	+32*64Tc
	+16*64Tc



4)  The test system shall verify that the adjustment step size and the adjustment rate shall be according to requirements specified in Clause 7.1.2 Table 7.1.2.1-1 until the UE transmit timing offset is within (NTA + NTA_offset) ×Tc ± Te respective to the first detected path (in time) of DL SSB. Skip this step for test 2 with DRX configured.
5)  The test system shall verify that the UE transmit timing offset stays within (NTA + NTA_offset) ×Tc ± Te of the first detected path of DL SSB. For Test 2 the UE transmit timing offset shall be verified for the first transmission in the DRX cycle immediately after DL timing adjustment.


In test cases, the detection error is included in Te verification. Test requirements require that it is the test system that verifies the received UE timing is within (NTA + NTA_offset) ×Tc ± Te of the first path of DL SSB. Although the wording here is still not very accurate the TE has no other choice than to compare the received UL signal timing against the transmission timing of the DL signals. This means that the UE needs to be good enough to cover detection error if any into Te to pass the tests.
Observation 2: Test equipment verify the UE transmit timing by comparing the received timing against the transmitted DL signal timing.
Observation 3: Although there is no clear requirement specified for DL timing detection error, the UE needs to be good enough to cover detection error in Te to pass the tests.
Thus meanwhile, we also propose to correct the wording in the test requirements:
Proposal 2: Correct test case requirements with the wording ‘The test system shall verify that the UE transmit timing offset stays within (NTA + NTA_offset) ×Tc ± Te of the time when the first path (in time) of DL SSB from the reference cell arrives at the UE antenna’.
Propagation delay compensation
RAN1 summary for compensation delay
This section summarizes the agreements so far in RAN1. Since we are still at an early stage of this work item, RAN4 should wait for further RAN1/2 design on this matter to have further discussion.
	RAN1 #104-e
Agreements: Take ±100 ns as the assumption for downlink frame timing detection error (errorUE,DL,RX) at the UE for evaluation of the overall time synchronization error for TA based propagation delay compensation, if downlink frame timing detection error needs to be considered separately.
· Send a LS to RAN4 to ask for clarification on whether downlink frame timing detection error is included in Te or not
· In the LS, to include more details about option 1 (included) & option 2 (not included); also including the necessary background 
· FFS whether to apply the same value to RTT-based propagation delay compensation, and the corresponding condition (if any) if the same value will be applied
Final LS to RAN4 in R1-2102245
RAN1#104bis-e
Agreements: If downlink frame timing detection error needs to be considered separately from propagation delay estimation error, take ±100 ns as the assumption for downlink frame timing detection error (errorUE,DL,RX) at the UE for evaluation of the overall time synchronization error for RTT based propagation delay compensation.
 Agreements: Take the following equation for evaluation of the DL propagation delay estimation error for TA based propagation delay compensation:
[image: ]
· Either option 1 or option 2 below will be applied based on the RAN4 reply to RAN1 LS R1-2102245.
· Option 1: errorUE, DL,RX+errorUE, UL, TX <= Te
· Option 2: errorUE, UL, TX = Te and errorUE, DL,RX is equal to a value separate from Te
· FFS whether errorBS,DL,TX in the above equation should be included or not. 
Agreements:
· Observation 1: Propagation delay compensation based on existing Rel-15/Rel-16 TA procedure and associated granularity, with no enhancements in RAN1, is sufficient for meeting the Uu interface synchronicity error budget in LS R2-2010837 for the smart grid scenario.  
· Observation 2: RAN1 needs to further study and specify the feasible enhancement (if any with RAN1 spec impact) for propagation delay compensation for control-to-control scenario, in order to meet the synchronicity budget of Uu interface in LS R2-2010837. 
Agreement:
Take the following as the evaluation assumptions for both RTT-based PDC and TA-based PDC.   
· The UE may acquire an up-to-date PD estimation after waking up from DRX. This implies that gNB may signal an update timing advance value or complete a Rx-Tx measurement procedure.
· errorUE,DL,RX is based on other signals (e.g. CSI-RS) instead of SSB.
· errorBS, UL,RX iss based on other uplink signals instead of contention based PRACH, e.g. SRS.  
· Further study and specify new procedure/signaling (if necessary) to ensure that the PD estimation can be acquired after DRX for the adopted PDC method.
Agreement:
Existing DL reference signal(s) are used for Rx – Tx time difference estimation at UE side for RTT-based propagation delay compensation, if RTT-based propagation delay compensation is supported.   
· FFS whether PRS can be used for UE Rx – Tx time difference estimation or not  
· FFS which DL reference signal(s) to be used if/when PRS is not used

Conclusion:
· Leave it to RAN2 to decide whether to support UE based compensation and/or gNB based compensation for any propagation delay compensation method RAN1 may adopt for Rel-17, if applicable.

RAN1#105-e
Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral
Agreement: For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). 

Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.



Conclusion
In the contribution, we continue to discuss further on the reference point definition and try to catch on what is the scope in RAN4 for the propagation delay compensation enhancements.
Observation 1: Since there is no way for a UE to know the DL frame timing detection error, it has no choice but to simply use the perceived timing.
Proposal 1: The interpretation of “the reference point” defined in section 7.1.2 in TS 38.133 for UE transmission timing is   (NTA + NTA offset)*Tc ahead of the time when the first path (in time) from the reference cell arrives at the UE antenna.
Observation 2: Test equipment verify the UE transmit timing by comparing the received timing against the transmitted DL signal timing.
Observation 3: Although there is no clear requirement specified for DL timing detection error, the UE needs to be good enough to cover detection error in Te to pass the tests.
Proposal 2: Correct test case requirements with the wording ‘The test system shall verify that the UE transmit timing offset stays within (NTA + NTA_offset) ×Tc ± Te of the time when the first path (in time) of DL SSB from the reference cell arrives at the UE antenna’.
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