
3GPP TSG RAN WG1 #107-e

R1-2111314
e-Meeting, November 11th -19th, 2021

Source:
OPPO

Title:
Discussion on timing relationship enhancement
Agenda Item:
8.4.1
Document for:
Discussion and Decision

1. Introduction

In RAN1 meeting #106bis-e, the following agreements regarding K_offset were achieved:

Agreement:
Signalling one value for cell-specific K_offset is supported.

Agreement:
· For the reference subcarrier spacing value for the unit of K_offset in FR1, a value of 15 kHz is used.

· FFS: FR2

Agreement:
The granularity of the reported TA is slot.

· FFS how to round TA value to slot level granularity

Agreement:
For the reference subcarrier spacing value for the unit of K_mac in FR1, a value of 15 kHz is used.

· FFS: FR2

Agreement:
For defining value range(s) of K_offset, down-select one option from below:

	Option
	Value range
	Step size

	Option 1: One value range of K_offset covering all scenarios.
	[0] – [542] ms
	Same as the unit of K_offset

	Option 2: Different value ranges of K_offset for different scenarios.
	LEO: [0] – [49] ms

MEO: [93] – [395] ms

GEO: [477] – [542] ms

FFS: ATG and HAPS

FFS: How to determine the scenarios
	Same as the unit of K_offset

	Note: If deemed necessary, numbers in bracket can be further updated at RAN1#107-e.


Agreement:
For defining value range(s) of K_mac, down-select one option from below:

	Option
	Value range
	Step size

	Option 1: One value range of K_mac covering all scenarios.
	[1] – [271] ms
	Same as the unit of K_mac

	Option 2: Different value ranges of K_mac for different scenarios.
	LEO: [1] – [25] ms

MEO: [1] – [198] ms

GEO: [1] – [271] ms

FFS: ATG and HAPS

FFS: How to determine the scenarios
	Same as the unit of K_mac

	Note 1: If deemed necessary, numbers in bracket can be further updated at RAN1#107-e.

Note 2: Note that it was agreed already that when UE is not provided by network with a K_mac value, UE assumes K_mac = 0.


Agreement:
RAN1 to conclude the following as a basis to reply to RAN2:

· RAN1 definition of UE’s TA is given by the following agreement:

Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:
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Where:
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  is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 

· FFS: details of NTA update/accumulation.
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  is UE self-estimated TA to pre-compensate for the service link delay.
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 is network-controlled common TA, and may include any timing offset considered necessary by the network.
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 with value of 0 is supported. 

· FFS:  details of signaling including granularity.   
· [image: image11.png]


 is a fixed offset used to calculate the timing advance. 
· In addition, RAN1 has agreed the following for UE TA reporting:

Agreement:
The granularity of the reported TA is slot.

· FFS how to round TA value to slot level granularity

· It is up to RAN2 to decide which component or what combination of the components in the UE’s TA formula to use in TA reporting.

In this contribution, we share our view on the remaining issues and potential enhanced timing relationship.
2. Discussion

2.1. K offset update

In last meeting, most companies provide the view on the MAC CE design to provide UE specific K_offset. Finally, all the views form two different schemes.

Option 1: MAC CE provides a full UE specific K_offset value.
Option 2: MAC CE provides a differential UE specific K_offset value. The full UE specific K_offset value equals the sum of the cell specific K_offset value and the differential UE specific K_offset value.

For the option 1, it can avoid the misunderstanding on the K_offset value between the gNB and the UE.  Also, it seems that the method of obtaining the K_offset value through option 1 is simpler and more robust. However, considering the value range of full UE specific K_offset is [0]-[542]ms, the signaling overhead is fixed at 10 bits.  
For the option 2, it has been agreed that signaling one value for cell-specific K_offset in system information in the last meeting. Therefore, signaling a differential UE specific K_offset via MAC CE can be considered to save the number of signaling bits. Furthermore, the max differential RTT within a cell is rounded to 21ms and 7ms for GEO and LEO respectively. The differential K_offset value can be indicated by at most 5 bits, so the signaling overhead can be efficiently reduced. Similarly, since the max beam foot print size (edge to edge) is 1000km and 200km for MEO and HAPS, the signaling overhead for indicating the differential K_offset value is at most 5 bits for all NTN scenarios.
Proposal 1: MAC CE provides a differential UE specific K_offset value is preferred.
2.2. TA reporting
For TA reporting, several rounds have been discussed at the last meeting. And there are still some remaining issues as follows:

Issue 1: the content in TA reporting 

This issue has been discussed for several rounds of meetings, and there is still no conclusion at present. In the last meeting, RAN1 has made an agreement that it is up to RAN2 to decide which component or what combination of the components in the UE’s TA formula to use in TA reporting.

Observation 1: It is up to RAN2 to decide which component or what combination of the components in the UE’s TA formula to use in TA reporting.

Issue 2: how to round TA value to slot level granularity
Based on the issue 1, whether the reported content is [image: image14.png]NTAUE-specific
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, the issue how to round TA value to slot level granularity is needed to resolved. Considering that the number of slots in the subframe corresponding to different subcarriers is different. So, we provide the following scheme.
Assuming the content in TA reporting is [image: image18.png]Tra



, the conversion formula is as follows:
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where,
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 is the numerology in TS 38.211 section 4.2.
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 is specified in TS 38.211 section 4.1.

Through this conversion, the content in TA reporting can be converted to slot level granularity associated with different subcarrier configurations. If the content in TA reporting is other, the conversion method is similar.
Proposal 2: Supporting different slot granularity is associated with different subcarriers in rounding TA value to slot level granularity. 

2.3. K_offset / K_mac unit and range
From the last meeting, K_offset / K_mac unit and range has been reached an agreement as follows.
Agreement:
· For the reference subcarrier spacing value for the unit of K_offset in FR1, a value of 15 kHz is used.

· FFS: FR2

Agreement:
For the reference subcarrier spacing value for the unit of K_mac in FR1, a value of 15 kHz is used.

· FFS: FR2

The remaining issue is how to consider the reference subcarrier spacing value for the unit of K_offset / K_mac in FR2. From the existing spec, the PRACH configuration does not support paired spectrum in FR2 while unpaired spectrum can be used in FR2. In this case, for simplicity, we can at least support the TDD in FR2, and the PRACH configuration design for FDD in FR2 can be studied in the future. Therefore, we suggest the K_offset / K_mac unit and range for FDD in FR2 can be discussed in further release.
Proposal 3: It is suggested to study the K_offset / K_mac unit and range for FDD in FR2 in further release. 
From the last meeting, an agreement about the value range(s) of K_offset has been reached. Form the table of defining value range(s) of K_offset, for the option 2, in our understanding, the minimum values seem to be calculated based on the reference point on the gNB. But if the reference point is located in satellite, the minimum values of K_offset for different scenarios needed to be changed. Therefore, we suggest that the defining value range(s) of K_offset as shown in the table1 below.
Table 1: defining value range(s) of K_offset
For defining value range(s) of K_offset, down-select one option from below:

	Option
	Value range
	Step size

	Option 1: One value range of K_offset covering all scenarios.
	[0] – [542] ms
	Same as the unit of K_offset

	Option 2: Different value ranges of K_offset for different scenarios.
	LEO: [0] – [49] ms

MEO: [93  47] – [395] ms

GEO: [477  239] – [542] ms

FFS: ATG and HAPS

FFS: How to determine the scenarios
	Same as the unit of K_offset

	Note: If deemed necessary, numbers in bracket can be further updated at next meeting.


Proposal 4: It is suggested that the minimum value of the K_offset should consider the reference point on the satellite for the different scenarios.
2.4. K_offset usage 
In previous meetings, it was agreed that a UE can be provided a cell-specific K_offset configuration for use during initial access as well as a UE-specific K_offset configuration in CONNECTED mode. But it is not clear when to use the cell-specific/UE-specific K_offset. In our view, once the UE-specific K_offset is configured, it should be used as much as possible since the UE-specific K_offset is more proper for the uplink scheduling of the UE. However, there are some cases that gNB and UE may have misunderstandings on which K_offset is used after the UE-specific K_offset is configured, e.g., msg3 PUSCH transmission during a RACH procedure in CONNECTED mode. Therefore, which K_offset should be used to determine the timing relationship of uplink transmission should be discussed case by case.
A method similar to the TDRA table configuration can be considered for the K_offset configuration. As an example, Table 1 provides the determination of K_offset case by case for a PUCCH transmission with HARQ-ACK corresponding to a PDSCH. Table 2 provides the determination of K_offset case by case for a PUSCH transmission scheduled by a PDCCH.
Table 1: K_offset determination for a PUCCH
	RNTI
	PDCCH search space
	Cell-specific K_offset
	UE-specific K_offset
	K_offset to apply

	MSGB-RNTI, TC-RNTI
	Type1 common
	Yes
	Yes/No
	Cell-specific K_offset

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space associated with CORESET 0
	Yes
	Yes/No
	Cell-specific K_offset

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0

UE specific search space
	Yes
	No
	Cell-specific K_offset

	
	
	Yes
	Yes
	UE-specific K_offset


Table 2: K_offset determination for a PUSCH

	RNTI
	PDCCH search space
	Cell-specific K_offset
	UE-specific K_offset
	K_offset to apply

	PUSCH scheduled by MAC RAR or MAC fallbackRAR or PDCCH scrambled by TC-RNTI 
	Yes
	Yes/No
	Cell-specific K_offset

	C-RNTI, MCS-C-RNTI, CS-RNTI
	Any common search space associated with CORESET 0
	Yes
	Yes/No
	Cell-specific K_offset

	C-RNTI, MCS-C-RNTI, CS-RNTI, SP-CSI-RNTI
	Any common search space not associated with CORESET 0,

DCI format 0_0 in

UE specific search space
	Yes
	No
	Cell-specific K_offset

	
	
	Yes
	Yes
	UE-specific K_offset


Proposal 5: The method of TDRA table configuration can be considered for the K_offset configuration.
2.5. PDCCH ordered PRACH

Based on agreement in RAN#105-e, the K_offset has been introduced in the timing relationship about PDCCH ordered PRACH procedure. But there has not reached a consensus which K_offset should be used. Considering that the purpose of enhancing the timing relationship is to reduce the number of blind detection on the gNB for the different UE and reduce the processing pressure on the gNB. So in our view, it is better to use the cell specific K_offset. In additional, in order to improve the robustness, cell-specific K_offset value should be always used for the PDCCH ordered PRACH timing relationship.
Proposal 6: The cell-specific K_offset value signaled in system information is always used for PDCCH ordered PRACH timing relationship.
2.6. Beam failure recovery timing relationship

The issue has been discussed several rounds. There are two issues to be resolved.

First, the main problem at present is whether to support BFR in NTN.
From our view, it is needed to introduce the BFR in NTN. Even if it is still discussed for FRF>1 in other AI, it can at least support the case for FRF=1. Then, the enhancement of other timing relationships has been supported in NTN, the BFR also should be supported. Considering the limited time, how to enhance the timing relationship for FRF>1 can be studied in further release. Finally, if the BFR is supported in NTN, if downlink and uplink frame timings are not aligned at gNB, the K_mac is needed to guarantee the timing relationship between UL and DL similarity to the RAR window starting time. 
Proposal 7: If downlink and uplink frame timings are not aligned at gNB, the K_mac is needed to guarantee the timing relationship between UL and DL for beam failure recovery procedure.

And the second remaining issue is about the timing between PDCCH reception and application of new PUCCH beam in the beam failure recovery procedure.
The timing may be two interpretations about the “28 symbols” based on RAN1 meeting #106e as follows:

· Interpretation 1: “28 symbols” is the absolute time between the time UE receives PDCCH and the time UE applies new PUCCH beam

· In this case, K_offset enhancement is not needed

· Interpretation 2: for a PDCCH reception in downlink slot n, “28 symbols” is the time between UE’s uplink slot n and the time UE applies new PUCCH beam

· In this case, K_offset enhancement is needed

On the one hand, we understand that 28 symbols are the duration for the UE to confirm a BFR response from the detection of PDCCH. Thus, Interpretation 1 is more in line with our understanding. As long as the UE confirms a reception of the BFR response, the UE can change the PUCCH beam. On the other hand, the current specification has not contained the slot number for the interpretation 2.

Proposal 8: The interpretations 1 about the “28 symbols” is more reasonable.
2.7. Start of the RAR window

Though this issue has been reached an agreement in RAN#1 105-e, it may exist some other problem considering the other agreement about the unit of K_mac in RAN#1 106-e as below:
Agreement:
The unit of K_mac is number of slots for a given subcarrier spacing.

· FFS: one subcarrier spacing value or different subcarrier spacing values for different scenarios.

From the agreement, it can be seen that the unit of K_mac is number of slots. If the value of K_mac is smaller than one slot or number of slots (e.g. K_mac is 12 symbols or 26 sysmbols), there will be an error between the real value of the K_mac and the value broadcasted to the UE by the gNB with the unit of number slots. In this case, if the starts of Msg2/MsgB RAR window are delayed by an estimate of UE-gNB RTT, it will cause the start of the Msg2/MsgB RAR window to be later than the actual start. In order to solve this problem, we propose the following methods.

Option1: the starts of Msg2/MsgB RAR window are delayed by [image: image27.png]Tra



, meanwhile the RAR window should be extended by K_mac. 
In this option, since the start of the Msg2/MsgB RAR window is in advance, in order to ensure the receipt of complete RAR information, the window is extended by K_mac as shown in figure 1.
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Figure 1 the starts of Msg2/MsgB RAR window are delayed by [image: image29.png]Tra




Observation 2: There will be an error between the real value of the K_mac and the value broadcasted to the UE by the gNB with the unit of number slots.
Observation 3: The starts of Msg2/MsgB RAR window are delayed by an estimate of UE-gNB RTT will cause the start of the Msg2/MsgB RAR window to be later than the actual start.
Option2: the starts of Msg2/MsgB RAR window are still delayed by UE-gNB RTT, but the unit of K_mac can be finer than the number of slots.
Based on the above analysis, the error between the real value of the K_mac and the value broadcasted to the UE by the gNB mainly comes from the unit of K_mac. So we suggest that the unit of K_mac can be defined by a finer granularity,e.g. Tc or symbol, for a given subcarrier spacing. This can reduce the error between the actual K_mac and broadcasted K_mac. Therefore, the the start of the Msg2/MsgB RAR window can be more accurate as shown in figure 2.
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Figure 2 the starts of Msg2/MsgB RAR window are delayed by UE-gNB RTT with a finer granularity of K_mac
Proposal 9: For the starts of Msg2/MsgB RAR window, the following options can be considered:

Option1: the starts of Msg2/MsgB RAR window are delayed by [image: image31.png]Tra



, meanwhile the RAR window should be extended by K_mac.
Option2: the unit of K_mac can be defined by a finer granularity, e.g. Tc or symbol, for a given subcarrier spacing.
3. Conclusion

In this contribution, we have discussed some of the issues and the analysis drives us to the following proposals
Proposal 1: The method MAC CE provides a differential UE specific K_offset value is preferred.

Observation 1: It is up to RAN2 to decide which component or what combination of the components in the UE’s TA formula to use in TA reporting.

Proposal 2: Supporting different slot granularity is associated with different subcarriers in rounding TA value to slot level granularity. 

Proposal 3: It is suggested to study the K_offset / K_mac unit and range for FDD in FR2 in further release. 

Proposal 4: It is suggested that the minimum value of the K_offset should consider the reference point on the satellite for the different scenarios.

Proposal 5: The method of TDRA table configuration can be considered for the K_offset configuration.

Proposal 6: The cell-specific K_offset value signaled in system information is always used for PDCCH ordered PRACH timing relationship.

Proposal 7: If downlink and uplink frame timings are not aligned at gNB, the K_mac is needed to guarantee the timing relationship between UL and DL for beam failure recovery procedure.

Proposal 8: The interpretations 1 about the “28 symbols” is more reasonable.
Observation 2: there will be an error between the real value of the K_mac and the value broadcasted to the UE by the gNB with the unit of number slots.
Observation 3: The starts of Msg2/MsgB RAR window are delayed by an estimate of UE-gNB RTT will cause the start of the Msg2/MsgB RAR window to be later than the actual start.
Proposal 9: For the starts of Msg2/MsgB RAR window, the following options can be considered:

Option1: the starts of Msg2/MsgB RAR window are delayed by [image: image32.png]Tra



, meanwhile the RAR window should be extended by K_mac.
Option2: the unit of K_mac can be defined by a finer granularity, e.g. Tc or symbol, for a given subcarrier spacing.
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