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Introduction

Following agreements have been achieved last meeting:

	Agreements RAN2#115-e

UE specific TA reporting during RACH procedure is enabled/disabled by SI (FFS for RACH in connected mode)

The content of UE specific TA pre-compensation reported in RA procedure using MAC CE is UE specific TA (this can be revisited after receiving RAN1 response).

Reporting on the information about UE specific TA in connected mode is supported, FFS via RRC signalling or MAC CE

Event-triggers for reporting on the information about UE specific TA in connected mode is supported. FFS on the details. Confirmation by RAN1 is also needed

If configured, the UE shall report information of the UE specific TA pre-compensation to the target cell during the random access. FFS if a new indication in RRC reconfiguration with sync is needed or not (besides the SIB indication carried in HO command on whether TA report is enabled/disabled in the target cell).

Information about UE specific TA pre-compensation is not reported in RA procedures triggered due to “Request for Other SI”

The event-triggers for reporting information about UE specific TA are based on TA values (confirmation from RAN1 is needed)

A TA offset threshold can be used for event-triggered reporting, at least the offset threshold can be between current information about UE specific TA and the last successfully reported information about UE specific TA

The event-triggers for reporting information about UE specific TA based on time threshold is not supported in NTN.

No new indication in RRC reconfiguration with sync is needed to configure the UE to report information about UE specific TA in handover procedure (besides the SIB indication carried in HO command on whether TA report is enabled/disabled in the target cell).


Based on agreements shown above, for RACH based TA report, the applicablity in RRC_CONNECTED state is still ffs. Also based on discussion in RAN1#106b-e[1], it seems RAN1 also have some ambiguity in the understanding of the UE specific to be reported. While for event-triggered TA report, the detailed design still requires further discussion. Also whether further enhancements on connected TA report, e.g., NW requested TA report, is needed can be further discussed.
In general, this contribution intends to discuss the remaining issues on TA report aspects based on the progress in both RAN1 and RAN2.
Discussion
RACH based TA report

Support in connected state
It is agreed RA procedure will be used for idle/inactive TA report, which will be enabled by indication in SI. It is 

ffs whether RACH based TA report also applies for RRC_CONNECTED state. For UE in RRC_CONNECTED it is possible that UE will initiate RACH when experiencing out-of-sync (i.e., timeAlignmentTimer is stopped) to establish/recover timing alignment between NW and UE. For such case, TA report via RACH procedure is beneficial to help NW knows to current TA applied/estimated by UE, so NW can have sufficient knowledge when adjusting/establishing TA or scheduling subsequent transmission if any. 

Moreover, since RAN2 has agreed to have one indication in SI to enable the TA report via RACH, the same indication can be reused for connected state TA report via RACH.
Observation 1: For RACH initiated by RRC_CONNECTED UE when timeAlignementTimer is stopped, TA report via RACH procedure can help NW understand the TA applied/estimated by UE, which is beneficial for  establishing/adjusting TA or scheduling subsequent transmission if any.
Proposal 1: For connected UE, TA can be configured to report via RACH procedure if timeAlignmentTimer is stopped. 

Proposal 2: The same indication used for TA report via RACH in idle/inactive state is used for enabling TA report via RACH in connected state.
Clarification on UE specific TA value 
RAN2 has agreed that the content reported via RACH procedure is UE specific TA, however the definition on UE specific TA is still unclear, and following options have been raised:

Option 1: Full TA, i.e, [image: image1.png]Trs



 (applied TA for UL transmission) as defined in the UE’s TA formula: [image: image2.png]T1a = (N1a + Nra, uz-specific + Nracommon + Nraofet) X Te




Option 2: UE estimated TA, which reflect service link delay only
It is required further clarification which option shall be used which relates to both usefulness and the required signalling overhead of each option.

Observation 2: Clarification on which understanding of UE specific TA is required, which can be discussed based on following options:

 Option 1: Full TA, i.e, [image: image3.png]Trs



 (applied TA for UL transmission) as defined in the UE’s TA formula: [image: image4.png]T1a = (N1a + Nra, uz-specific + Nracommon + Nraofet) X Te




Option 2: UE estimated TA, which reflect service link delay only
It is agreed RAN1#106 following agreement has achieved for TA report in RACH:

	RAN1#106b-e Agreement:
The granularity of the reported TA is slot.

FFS how to round TA value to slot level granularity


If slot is confirmed as the report granularity, than the required bit-string length varies depends on the numerology to be used. 
According to TR 38821, if full TA is used, than the TA range is up to [541.46 ms, 41.77 ms] for GEO and LEO separately, while for partial TA (only service link delay is considered), the TA value range is from [270.73ms ,20.89ms] respectively for GEO and LEO.
Assuming worst scenario, where one slot equals to 1/16 ms, than the value range for TA report is 541.46*16= 8664 = 14 bits when full TA is reported and 270.73*16=4332=13bits

It can know based on above calculation the signalling cost between full TA and partial TA reported when slot level is used is only 1 bit.

Observation 3: When slot granularity as agreed by RAN1 is used, there is only one bit difference on the required bit-string length (14 bits for full TA report, 13 bits for partial TA ) assuming worst case.

The advantage of option 2 is that only part of TA is reported which saves signalling overhead to be used, however based on above analysis the gain is not so obvious. For option 1, extra complexity will be needed for NW implementation since NW needs to combine the reported TA with the common TA broadcasted, thus it is import NW and UE’s understanding is aligned. However, at the border when SI broadcast is updated, it is possible that UE’s understanding and NW’s understanding on common TA broadcast is not aligned, then if only service link is reported, NW might derived the wrong full TA. 
Observation 4: For option 2 will lead to extra complexity at NW’s implementation, and could lead to possible error case when UE and NW’s understanding on common TA broadcast, e.g., border when SI broadcast is updated.

According to above analysis, the required signalling overhead between option 1/2 is similar (only 1 bit difference). Moreover, option 1 is easier for NW’s implementation and applicable for all scenarios compared to option 2, thus it is preferred to adopt option 1 for TA report via RACH procedure.

Proposal 3: TA reported via RACH procedure is Full TA, i.e, [image: image5.png]Trs
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Msg3 vs Msg5 

Another issue requires for discussion is which message Msg3 or Msg5 is used for TA report. The most important motivation for having TA report via RACH procedure is to reduce the delay required for access, thus it is preferred that TA can be reported via Msg3. Also, it is agreed that for 2stepRACH, MsgA will be used to carry TA information, considering it is possible for UE to fallback to 4stepRACH, if Msg5 is used than UE will need to rebuild TB and re-select preamble group when fallback to 4stepRACH, which leads to extra complexity in implementation. Therefore, it is proposed to transmit TA report via Msg3. Also, to avoid impact the RACH coverage, enhancements is required to allow inclusion of TA information without extending message size.
Observation 5: Using Msg3 can reduce access delay and avoid rebuilding of TB and/or selection of preamble group when UE fallback from 2stepRACH to 4step RACH.

Proposal 4: Msg3 is used for TA report via 4stepRACH if enabled by NW.

Proposal 5: Enhancements is needed to allow inclusion of TA information without extending message size.
Currently there are two length of Msg3 is supported in RACH: CCCH with 48 bits and CCCH with 64 bits where long I-RNTI is used as resume identity. For CCCH with 48 bits, 39 out of 48 bits is UE identity while the rest is cause value and possible spare bits. For CCCH with 64 bits, 40 out of 64 bits is UE identity, while the rest is cause value, short MAC-I and spare bit. 

Considering the UE density to be supported in this release is not so large, one method to support TA report via MSG3 is to take part of bits from UE Identity for TA report, which is 14 bits based on calculation before. The drawback of this method is that the UE density to be supported is decreased, which might not so future proofing. 

Another method is to always support 64 bits of CCCH in NTN if TA report is enabled. In this case, the same content as in transmitted 48 bits is supported, and the additional space (64-48=16 bits) can be used for TA report. Comparing to above method, the impact on UE density is limited since we don’t need to cut the UE-identity short. The drawback is that when TA report is enabled, RRC resume with long I-RNTI cannot be supported. 

A third method is have additional Msg3 for TA information (e.g., Msg3-bis). In this method, UE will transmit two messages in step 3 of 4stepRACH, which doesn’t required modification of Msg3, but additional grant is required. Currently, there are on-going discussion in coverage enhancements to allow Msg3 repetition with multiple grants. The same method used in CE can be reused for grant assignment for Msg3 for CCCH and Msg3-bis for TA. Comparing to above mentioned alternatives, this method will have both impact in RAN1 and RAN2, and it will not impact the UE density.

In summary, the possible alternatives to allow TA inclusion in Msg3 without decrease Msg3 coverage are listed as below:

Option 1: CCCH with cut-off UE identity
Option 2: 64-bit CCCH is always configured in NTN when TA report is enabled
Option 3: Additional Msg3 for TA report in 4stepRACH   
The comparison among alternatives is summarized in following table:

	Option 1
	Option 2
	Option 3

	Least specs impact

UE density is decreased, not further proofing
	Medium specs impact

Medium impact on UE density

Cannot support Resume with long I-RNTI if TA is report
	Lease impact on UE density

Most specs impact, e.g.,RAN1 effort is needed


Observation 6: Alternatives to allow TA inclusion in Msg3 without decrease RA coverage are listed as below:
Option 1: CCCH with cut-off UE identity
Option 2: 64-bit CCCH is always configured in NTN when TA report is enabled
Option 3: Additional Msg3 for TA report in 4stepRACH   
The comparison among alternatives is summarized in following table:

	Option 1
	Option 2
	Option 3

	Least specs impact

UE density is decreased, not further proofing
	Medium specs impact

Medium impact on UE density

Cannot support Resume with long I-RNTI if TA is report
	Lease impact on UE density

Most specs impact, e.g.,RAN1 effort is needed


It is kindly asked RAN2 to further discuss enhancement on RACH at least based on the alternatives above.

Proposal 6: It is kindly asked RAN2 to further discuss enhancement on RACH at least based on the alternatives listed in observation 5.
MAC CE priority

It is agreed that MAC CE will be used for TA report in RACH procedure, the ffs is the priority of this MAC CE. For MAC CE will be transmitted in RACH, C-RNTI MAC CE/UL-CCCH data is used for contention resolution thus shall remain as the highest priority. And TA MAC CE is used for TA establishment as well as assist subsequent scheduling, thus it can have priority lower than C-RNTI/UL-CCCH but higher than the rest. 
Proposal 7: The priority of TA report MAC CE is right below C-RNTIMAC CE or data from UL-CCCH.

Event triggered TA report

It is agreed that the event used for trigger TA report in connected mode can be “difference between current information about UE specific TA and the last successfully reported information about UE specific TA”. 

Considering that the comparison of TA is performed at MAC entity, one variable (e.g., UE_REPORTED_TA) is required to stored the last reported TA based on above agreements.

Observation 7: It is agreed that the event used for trigger TA report can be “difference between current information about UE specific TA and the last successfully reported information about UE specific TA”, where the comparison is performed at MAC entity.
Proposal 8: A variable (e.g., UE_REPORTED_TA) is defined in MAC entity to store the last successfully reported TA. 
However, it is still uncertain how to set the value of “the last successfully reported information” if the event is received for the first time and there is not lasted reported TA. Also, NW might adjust the event triggered TA configuration based on UE mobility, service requirement and other factors, which might not necessarily relates to previous report TA in previous event configured. 

Observation 8: It is possible there is not previous reported TA when UE receives configuration for event triggered TA report.

Observation 9: NW might adjust the event triggered TA configuration (e.g., threshold) which might not necessarily relates to previous report TA in previous event configured.
A common method to handle the situation as mentioned above is to initialize the variable defined for TA report (e.g., UE_REPORTED_TA) to a default value each time configuration for event triggered TA report is received or updated. The default value can be the TA reported, or the TA current applied by TA, which can be further discussed.
Proposal 9: UE initializes the variable defined for TA report (e.g., UE_REPORTED_TA) each time configuration for event triggered TA report is received or updated. 
Another issue requires further discussed is that whether to use MAC CE or RRC to report the TA information in event triggered TA report. There have been discussion before, where supported for RRC signalling consider it is more safer since the TA information is security protected, while supports for MAC CE think RRC signalling will introduce additional delay which is not efficient as MAC CE. 

Observation 10: For signalling option for event triggered TA report, MAC CE is more efficient while RRC signalling has less security issue.
Regarding security concerns, it is actually relates to which information is to be reported, e.g., full TA, service link delay or delta TA (i.e., TA difference between current TA and last reported TA). If only delta TA is reported than even MAC CE is used, it is still hard to derive the full TA from UE because lack of previous reported TA information. Moreover, reporting delta TA can save signalling overhead.
Observation 11: If delta TA is reported, than MAC CE can be used without introducing security issues. Moreover, it saves signalling overhead required.

However, the initial full TA UE used when receiving the TA report is still needed to help NW to derive the correct TA, which can be reported through RRC message.
To balance between security concern and signalling overhead together with reporting efficiency, a compromized solution can be used where UE reports full TA using RRC signalling in a first report, and reports delta TA in subsequent TA report using MAC CE. 

Observation 12: A compromised method where UE reports full TA using RRC signalling in a first report, and reports delta TA in subsequent TA report using MAC CE can balance between security concern, signalling overhead together with reporting efficiency.
Proposal 10: When event triggered TA is configured, UE reports full TA using RRC signalling in a first report, and reports delta TA in subsequent TA report using MAC CE.
NW requested TA report
In previous meeting, NW requested TA report is discussed but is not concluded. As discussed in subclause 2.1.1 of this contribution, it is proposed to support RACH based TA report when timeAlignmentTimer is stopped. Therefore, it is nature to allow NW to request UE to report TA when using PDCCH order to initiate RACH  (e.g., when DL date arrival but UE is out-of sync). 
Proposal 11: TA report via PDCCH ordered RACH is supported.
Conclusion

Based on the above discussion, we have the following observations and proposals:

RACH based TA report

Observation 1: For RACH initiated by RRC_CONNECTED UE when timeAlignementTimer is stopped, TA report via RACH procedure can help NW understand the TA applied/estimated by UE, which is beneficial for  establishing/adjusting TA or scheduling subsequent transmission if any.
Observation 2: Clarification on which understanding of UE specific TA is required, which can be discussed based on following options:

 Option 1: Full TA, i.e, [image: image7.png]Trs



 (applied TA for UL transmission) as defined in the UE’s TA formula: [image: image8.png]T1a = (N1a + Nra, uz-specific + Nracommon + Nraofet) X Te




Option 2: UE estimated TA, which reflect service link delay only
Observation 3: When slot granularity as agreed by RAN1 is used, there is only one bit difference on the required bit-string length (14 bits for full TA report, 13 bits for partial TA ) assuming worst case.

Observation 4: For option 2 will lead to extra complexity at NW’s implementation, and could lead to possible error case when UE and NW’s understanding on common TA broadcast, e.g., border when SI broadcast is updated.

Observation 5: Using Msg3 can reduce access delay and avoid rebuilding of TB and/or selection of preamble group when UE fallback from 2stepRACH to 4step RACH.

Observation 6: Alternatives to allow TA inclusion in Msg3 without decrease RA coverage are listed as below:
Option 1: CCCH with cut-off UE identity
Option 2: 64-bit CCCH is always configured in NTN when TA report is enabled
Option 3: Additional Msg3 for TA report in 4stepRACH   
The comparison among alternatives is summarized in following table:

	Option 1
	Option 2
	Option 3

	Least specs impact

UE density is decreased, not further proofing
	Medium specs impact

Medium impact on UE density

Cannot support Resume with long I-RNTI if TA is report
	Lease impact on UE density

Most specs impact, e.g.,RAN1 effort is needed


Proposal 1: For connected UE, TA can be configured to report via RACH procedure if timeAlignmentTimer is stopped. 

Proposal 2: The same indication used for TA report via RACH in idle/inactive state is used for enabling TA report via RACH in connected state.

Proposal 3: TA reported via RACH procedure is Full TA, i.e, [image: image9.png]Trs
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Proposal 4: Msg3 is used for TA report via 4stepRACH if enabled by NW.

Proposal 5: Enhancements is needed to allow inclusion of TA information without extending message size.
Proposal 6: It is kindly asked RAN2 to further discuss enhancement on RACH at least based on the alternatives listed below:

Option 1: CCCH with cut-off UE identity
Option 2: 64-bit CCCH is always configured in NTN when TA report is enabled
Option 3: Additional Msg3 for TA report in 4stepRACH  
Proposal 7: The priority of TA report MAC CE is right below C-RNTI MAC CE or data from UL-CCCH.

Event triggered TA report

Observation 7: It is agreed that the event used for trigger TA report can be “difference between current information about UE specific TA and the last successfully reported information about UE specific TA”, where the comparison is performed at MAC entity.

Observation 8: It is possible there is not previous reported TA when UE receives configuration for event triggered TA report.

Observation 9: NW might adjust the event triggered TA configuration (e.g., threshold) which might not necessarily relates to previous report TA in previous event configured.
Observation 10: For signalling option for event triggered TA report, MAC CE is more efficient while RRC signalling has less security issue.
Observation 11: If delta TA is reported, than MAC CE can be used without introducing security issues. Moreover, it saves signalling overhead required.

Observation 12: A compromised method where UE reports full TA using RRC signalling in a first report, and reports delta TA in subsequent TA report using MAC CE can balance between security concern, signalling overhead together with reporting efficiency.
Proposal 8: A variable (e.g., UE_REPORTED_TA) is defined in MAC entity to store the last successfully reported TA. 
Proposal 9: UE initializes the variable defined for TA report (e.g., UE_REPORTED_TA) each time configuration for event triggered TA report is received or updated. 
Proposal 10: When event triggered TA is configured, UE reports full TA using RRC signalling in a first report, and reports delta TA in subsequent TA report using MAC CE.
NW requested TA report
Proposal 11: TA report via PDCCH ordered RACH is supported in NTN.
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