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1	Introduction
RAN1#94bis agreements about the IAB timing options were following [2]:
Agreements:
· For Timing and Synchronization
· For case #1 & case #7, if DL TX and UL RX are not well aligned at the parent node, additional information about the alignment is needed for the child node to properly set its DL TX timing for OTA based timing & synchronization
· Case #7 to be supported if and only if compatible with release 15 Ues
· Further check w.r.t. compatibility
· Support of case #6 is FFS
· No other cases are supported

In this contribution, we elaborate the DL TX adjustment for Cases #1 and #7 as well as the Case #7 compatibility with Rel.15 UE. Furthermore, we analyse the feasibility of Case #6 and what would be required to use that option.

2	Discussion
2.1	Cases #1 and #7
As discussed in [3], Case #7 has the issue in a multi-hop scenario how to set the DL TX timing. The DL TX timing of a child node depends on the propagation delay of the parent node’s upstream BH link. This information is not available for a child node unless it is explicitly signalled. Figure 1 illustrates a 2-hop scenario.
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[bookmark: _Ref527966687]Figure 1: Case 7 timing in a 2-hop IAB scenario




The initial time alignment value set with the RAR message is , where TA = 0, 1, 2, ..., 3846 and  refers to sub-carrier spacing (kHz). After the initial access, TA adjustment is relative, i.e. the TA command indicates a “delta” to the used TA, [4]: , where TA = 0, 1, 2,…, 63.
Used TA is (NTAoffset + NTA)*Tc, where the NTAoffset is a value fixed or signalled by higher layers, NTA is the value controlled by the TA loop. Tc is the basic time unit defined in TS 38.211.
In TS 38.133 the NTAoffset values are defined as follows:
	Frequency range and band of cell used for uplink transmission
	[bookmark: OLE_LINK15][image: ](Unit: TC)

	FR1 FDD band without LTE-NR coexistence case or FR1 TDD band without LTE-NR coexistence case 
	25600 (Note 1)

	[bookmark: OLE_LINK72]FR1 FDD band with LTE-NR coexistence case
	0 (Note 1)

	FR1 TDD band with LTE-NR coexistence case
	39936 or 25600 (Note 1)

	FR2
	13792

	Note 1:	The UE identifies [image: ] based on the information n-TimingAdvanceOffset according to [2]. If UE do not receive the information n-TimingAdvanceOffset, the default value of [image: ] is set as 25600 for FR1 band.
Note 2:	The value of [image: ] that applies to the supplementary UL carrier is determined from the non-supplementary UL carrier.



The NTAoffset is thus dependent on used frequency band (FR1/FR2) and coexistence with LTE. The value can be indicated in SIB1 or in dedicated signalling. If the IE is omitted the default value of 25600 is used in FR1. In FR2 is it fixed to 13792.
The serving node has in principle possibility to adjust the UL timing freely. However, in IAB case the TA loop should adjust the timing so that the UL timing is according to indicated TAoffset enabling the IAB node to calculate the propagation delay over the BH link. The calculation for the BH link to Donor is as follows:
TP = 0.5*(N’TA - NTAoffset)*Tc, where N’TA is current value for TA used by the IAB node.
Observation 1: The serving node should always adjust the UL timing according to indicated TAoffset to enable accurate estimation of the propagation delay over the BH link.
In the example illustrated in Figure 1, TPBH#1, estimated by the IAB Node#1 from the TABH#1 (TPBH#1 = 0.5*(N’TA - NTAoffset)*Tc), must be signalled to the IAB Node#2. The propagation delay on the BH#2 can be then calculated IAB Node#2 in following way:
TPBH#2 = 0.5*(TABH#2 + TPBH#1), where the term TPBH#1 is signalled and TABH#2 = 0.5*(N’TA - NTAoffset2)*Tc),
Again, the TAoffset2 indicated by the IAB node#1 shall be the targeted UL RX timing at IAB node#1.

In Case #7 TA on the BH#2 (as well as subsequent hops in the BH chain) can have negative values when the propagation delay on the BH#2 is less than on the BH#1 link. It has been proposed that the TA could be adjusted to larger values in a steps of the symbol duration in order to achieve symbol level synchronization at the reception of the parent node, and to avoid negative TA values. There are, however, at least two issues:
a) Negative values are not supported in the initial timing alignment during the access procedure
b) If the intention is to enable simultaneous reception on the parent DL and child/access UL, the combined reception time at the IAB node will be extended by advancing the UL RX timing while the parent DL timing is determined by the propagation delay on the parent BH link
Due to a) the target timing may be achieved with certain delay with step-wise closing to the intended timing with TA commands. This will be the case with all connections (of UEs and child IAB nodes) established in the cell served by the IAB node. This will result in non-perfect alignment of signals increasing interference and thus degrading the performance when using SDM/FDM at the IAB node.
Observation 2: Missing support of negative initial time alignment can increase interference when using SDM/FDM at the IAB node applying Case #7 timing.
The issue b) would require either elimination of symbol(s) in the beginning of the child/access UL slot, or eliminating symbol(s) at the end of the parent BH DL slot. The former case would essentially require usage of mini-slots. The latter one, where scheduling is done by the parent node, would need an indication to the parent node about the need to mute symbol(s) at the end of the DL slot when scheduling data on that slot. This would require additional signalling between the IAB nodes which may not be desirable.
Observation 3: Symbol level alignment by increasing TA in steps of the symbol duration would lead to usage of mini-slots on the child/access link. Otherwise, additional signalling would be needed between the parent/child IAB nodes to indicate the need for muting of symbol(s) at the end of the DL slot.
The support for mini-slots is basically mandatory but defined as a UE capability. Hence the support in cannot be guaranteed in the early phases of NR deployment.
Observation 4: Mini slot support may not be available in the early phases of NR deployment to be used to avoid the issue with negative TA.
Even though mini-slots being available, the solution would reduce the spectrum efficiency by allowing the usage of radio resource only partly. This will be the case also if symbols are muted at the end of the slot on the parent BH DL. Therefore, it seems that Case #7 will be applicable only in some specific scenarios where the negative TA is not needed. Otherwise there will be negative impact on the system performance.
Observation 5: Case #7 timing is practically applicable only in limited IAB deployment scenarios.
Based on the analysis above, we do not see Case #7 as an attractive option due to potential negative impacts on spectrum efficiency, applicability in limited deployment scenarios, and/or required specification efforts for signaling vs. the usage potential. 
Proposal 1: Even though Case #7 could be used with legacy UEs, as a non-optimum solution RAN1 is asked to consider dropping the timing option due to its limited usability and/or negative impacts on radio performance.


2.2	Case #6
In Case #6, where the DL TX timing is synchronized in all nodes, and where BH UL TX is aligned with the DL TX timing, the timing of the RX signal depends only the propagation delay of the link, see Figure 2.
[image: ]
[bookmark: _Ref528152068]Figure 2 A multi-hop scenario with Case #6 timing
Therefore, there will be no means to adjust and align the timing of different RX signals. Options to cope with this can be:
· SDM: using multiple panels to separate the RX signals
· FDM: Separate the RX signals (up to scheduling) in frequency domain using appropriate guard bands
These options can be considered as choices for implementation and can be left for vendor or operator to decide.
Observation 6: In Case #6 the interference due to mis-alignment of the RX signals can be remedied by usage of multiple panels and/or separation in frequency domain. These are choices for the IAB implementation.
Normal TA control procedure is not applicable in Case #6 in the sense that UL RX signal would be adjusted to a desired timing. The TA loop, however, should be used to maintain and fine tune child IAB node TX synchronization (both DL and UL as they are aligned). A child IAB node shall adjust the TX timing to compensate the delay on the BH link. The child node can measure the time difference between its own DL TX timing and the BH DL RX timing. The DL TX timing may not be accurate and may deviate from the DL TX timing of the parent (or donor) node. To correct the mis-alignment, the parent (or donor) node can measure the time difference of the DL TX and UL RX signal. The difference could be indicated with the modified “TA” signaling. The child IAB compares corresponding difference of its own estimate; if the signaled difference of the parent node is larger than measured at the child node, the child node advances its TX timing, if smaller the TX timing is delayed.
Observation 7: A modified TA control could be used for the synchronization of the IAB nodes in Case #6.
Proposal 2: Case #6 timing can be considered as an option for IAB but requiring a modified TA control for synchronization. It can be left for the WI phase whether to include the option in the Rel.16 specification.
3	Conclusions
In this contribution we have analyzed the timing options #1, #6 and #7, their specific issues and what should be considered when using those options and what would be possible standards impacts. Based on the study we observed following:
Observation 1: The serving node should always adjust the UL timing according to indicated TAoffset to enable accurate estimation of the propagation delay over the BH link.
Observation 2: Missing support of negative initial time alignment can increase interference when using SDM/FDM at the IAB node applying Case #7 timing.
Observation 3: Symbol level alignment by increasing TA in steps of the symbol duration would lead to usage of mini-slots on the child/access link. Otherwise, additional signalling would be needed between the parent/child IAB nodes to indicate the need for muting of symbol(s) at the end of the DL slot.
Observation 4: Mini slot support may not be available in the early phases of NR deployment to be used to avoid the issue with negative TA.
Observation 5: Case #7 timing is practically applicable only in limited IAB deployment scenarios.
Observation 6: In Case #6 the interference due to mis-alignment of the RX signals can be remedied by usage of multiple panels and/or separation in frequency domain. These are choices for the IAB implementation.
Observation 7: A modified TA control could be used for the synchronization of the IAB nodes in Case #6.

According to our analysis, we see limited applicability for Case #7. Case #6 would be implementable but would seem to need specific TA control for synchronization. Hence, we are proposing:
Proposal 1: Even though Case #7 could be used with legacy UEs, as a non-optimum solution RAN1 is asked to consider dropping the timing option due to its limited usability and/or negative impacts on radio performance.
Proposal 2: Case #6 timing can be considered as an option for IAB but requiring a modified TA control for synchronization. It can be left for the WI phase whether to include the option in the Rel.16 specification.
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