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1. Introduction
[bookmark: _GoBack]In the RAN4#91 meeting, there were extensive discussions on OTA synchronization for IAB nodes triggered by RAN1 LS [1, 2]. Further discussion is needed to reply RAN1. From RAN4 requirements perspective, RRM requirements for IAB were also initially discussed. In the way forward [3]
	· IAB OTA Synchronization
· Existing timing advance (TA) mechanism (in Rel-15) is used for OTA time alignment of IAB node.
· An IAB node shall set its DL TX timing ahead of its DL Rx timing by TA/2 + T_delta
·  T_delta is signalled by the parent IAB node. Where:
 T_delta = (TA_offset - Tg)/2 and TA = NTATc; according to [1].
 T_delta = - Tg/2 and TA = (NTA + NTA_offset)Tc according to [2]. 
· IAB RRM:
· IAB node has access and backhaul links (Section 7.3, TR 38.874 v16.0.0):
· Access link: link between an access UE and an IAB-node or IAB-donor.
· Backhaul: link between an IAB-node and an IAB child node or an IAB parent node. 
· IAB node does not support mobility.  

· References:
[1]	R1-1903810/R4-1902804, LS on OTA timing alignment for IAB, RAN1 LS to RAN4
[2]	R4-1905306/R1-1905842, LS on clarification of OTA timing alignment for IAB, RAN1 LS to RAN4



In this contribution we provide our views on IAB OTA synchronization and IAB RRM requirements.

2. Discussion
2.1. T_delta derivation
There are two LSs from RAN1 on IAB OTA synchronization. T_delta calculation is different in the two LSs. It is summarized in the way forward [3].
· T_delta is signalled by the parent IAB node. Where:
 T_delta = (TA_offset - Tg)/2 and TA = NTATc; according to [1].
 T_delta = - Tg/2 and TA = (NTA + NTA_offset)Tc according to [2]. 
In our view the two formula to derive the T_delta are essentially the same. It just depends on how TA is assumed, i.e. whether NTA_offset is included in TA or not. If it is included then T_delta is derived based on formula in the previous LS. Otherwise it is derived based on formula in the latest LS. With formula in previous LS the T_delta will be independent of NTA_offset. It makes it possible to have single range of T_delta for various scenarios with different NTA_offset, e.g. FDD in FR1 or FR2, TDD w/wo coexistence in FR1 or FR2. In the end the signaling design of T_delta could be simply and efficient.
However it is understood that latest LS is RAN1 agreements. RAN4 discussion should follow RAN1 agreements. The signaling design of T_delta can be left to RAN2.
Proposal 1. RAN4 conclusion on range of T_delta is based on T_delta = - Tg/2.

2.2. Range of T_delta
Theoretically the UL RX and DL TX can be well aligned as long as the switching gap is ensured to be NTA_offset as shown in Case 1 in Figure 1. This case means propagation delay is accurately estimated by parent node DU and commanded to IAB node. Meanwhile there is no MT uplink transmission error. However in practice the propagation delay estimation error and MT uplink transmission error is unavoidable, so Case 2 is more practical in reality.


Figure 1.  Alignment of DL TX and UL RX timing at the parent node

In order to align DL transmission timing alongside IAB node hops, T_delta is signaled by parent node and IAB node can adjust its DL transmission with TA/2+T_delta. The range of T_delta depends on parent node implementation, propagation delay estimation error and MT uplink transmission error etc. 
In Figure 2 below we show the different cases on how the DL transmission alignment will be impacted. Just as case 1 in Figure 2 the target of parent node DU for UL Rx and DL Tx timing alignment is to keep switching gap Tg the same as NTA_offset. However due to implementation factors, the switching gap Tg cannot always be the same as NTA_offset.
As in Case 2 in Figure 2, there is misalignment of actual TA and expected TA when parent node command timing advance. Then when IAB node MT applies TA for UL transmission, there will be not aligned UL Rx and DL Tx timing at parent node DU. In way forward [3] the following factors that could impact range of T_delta are considered.
· Range and granularity of T_delta:
· At least the following factors need to be considered for deciding the range and granularity of T_delta:
·   Errors associated with the existing TA mechanism (in Rel-15):
· Bias in NTA.
· TA command resolution.
The bias of in TA command and TA command resolution are both considered in Case 2 in Figure 2. The good news is that the DL transmission timing at IAB node can be aligned with parent node if the reason is only due to misalignment of actual TA and expected TA. With signaled T_delta IAB node can compensate the actual propagation delay Tp.
However as in Case 3 in Figure 2, UL Rx and DL Tx are not aligned to NTA_offset is due to IAB node MT uplink transmission error, e.g. TA adjustment accuracy, initial transmission timing error etc. The TA commanded to MT is accurate without considering TA command resolution. If parent node signal T_delta and MT uses TA and T_delta to derive propagation delay, extra error will be introduced instead. The solution doesn’t work well for this case. It is better to just use TA to derive propagation delay and further to align DL transmission timing across IAB nodes.
[image: ]
Figure 2.  Alignment of DL TX and UL RX timing for different cases
Based on above analysis following observation is made.
Observation 1. Using T_delta to derive propagation delay and then align DL transmission timing could bring extra errors if the UL Rx and DL Tx timing alignment error at parent node is caused by MT uplink transmission error.
In reality the two different cases cannot be distinguished at parent node. It only knows the difference between NTA_offset and switching gap Tg. Therefore MT uplink transmission timing error should also be taken into account when deciding range of T_delta.
For timing error in case 2, it comes from bias in NTA and TA command resolution. Bias in NTA is implementation dependent so it is difficult to decide. In general IAB parent node should ensure that UL transmission from all IAB node MTs are arrived within certain reception window. Usually it would be within ±CP/2 window. So ±CP/2 can be considered as one option for bias in NTA, and the range of bias of NTA could be [0, CP]. The TA command step size is 16*64*Tc/2μ for different SCS, so TA command resolution is ±8*64*Tc for 15kHz SCS. 
For MT uplink transmission timing error in case 3, there are multiple factors.  When it is initial uplink transmission the maximum uplink transmission timing error Te is ±12*64*Tc for 15kHz SCS in FR1 and ±3.5*64*Tc for 120kHz SCS in FR2. Afterwards MT should perform gradual timing adjustment to maintain uplink transmission error with Te. When UE applies TA command the uplink transmission timing error would be the timing advance adjustment accuracy which is ±4*64*Tc for 15kHz SCS.
The total timing error should be the summation of bias in NTA, TA command resolution and MT uplink transmission timing error. However since bias of NTA is implementation dependent and UL Rx timing should not exceed reception window, it is reasonable to assume total timing error is CP without further considering other factors.
Therefor the range of T_delta can be summarized as in Table 1.
Table 1. Range of T_delta
	 SCS
	CP length (us)
	Range of T_delta

	15KHz
	4.69
	[-NTA_offset/2 - 2.34, -NTA_offset/2]

	30KHz
	2.34
	[-NTA_offset/2 - 1.17, -NTA_offset/2]

	60KHz
	1.17
	[-NTA_offset/2 - 0.59, -NTA_offset/2]

	120KHz
	0.59
	[-NTA_offset/2 - 0.29, -NTA_offset/2]



Proposal 2. Range of T_delta is as in Table 1.
Table 1. Range of T_delta
	 SCS
	CP length (us)
	Range of T_delta (us)

	15KHz
	4.69
	[-NTA_offset/2 - 2.34, -NTA_offset/2]

	30KHz
	2.34
	[-NTA_offset/2 - 1.17, -NTA_offset/2]

	60KHz
	1.17
	[-NTA_offset/2 - 0.59, -NTA_offset/2]

	120KHz
	0.59
	[-NTA_offset/2 - 0.29, -NTA_offset/2]



2.3. Granularity of T_delta
In the way forward [3] it was agreed that granularity of T_delta should be finer than the granularity of TA command.
· The granularity of T_delta shall be finer than the granularity of TA command. 
On the other hand it is unnecessary to have too small granularity, which will lead to large signaling overhead. Considering range of T_delta it would be enough to have granularity of T_delta as 64*Tc.
Proposal 3. The granularity of T_delta is 64*Tc.

2.4 IAB OTA synchronization
There are two options on IAB OTA synchronization provided in way forward [3].
· IAB OTA synchronization:
· Option 1: Do not specify OTA synchronization (OTA-S) accuracy for IAB node.
· Option 2: Specify OTA-S accuracy for IAB node.
· Factors impacting OTA-S accuracy need to be considered for deciding one of the options.
On the one hand it is beneficial to specify OTA synchronization accuracy requirements to guarantee the DL transmission from multi hops IAB node are within certain limit. The IAB system performance will be improved if high synchronization requirements are specified.
On the other hand it is not easy to specify accuracy requirements because the main factor that impact OTA synchronization accuracy is whether propagation delay Tp can be derived accurately. As discussed above if main timing error, i.e. -(Tg-NTA_offset)/2, comes from IAB uplink transmission error the derived propagation delay Tp will be much worse than without T_delta. The accuracy of OTA synchronization also depends on propagation delay estimation accuracy at parent node which rely on characteristics of reference signals used for propagation delay estimation. Since the OTA synchronization accuracy depends on parent node implementation and IAB node MT uplink transmission timing error, it is not possible to specify such kind of requirements.
Proposal 4. Do not specify OTA synchronization (OTA-S) accuracy for IAB node.

2.5. IAB RRM requirements
The agreements on IAB RRM requirements in the last meeting is as follows.
·  Access Link (AL):
·  A UE served by an IAB node on the access link (Uu) shall meet existing RRM requirements for the access link (Uu) defined in 38.133 and 36.133 (related to EN-DC or NE-DC). 
· No additional requirements related to UE operation on the access link are needed.
· Backhaul link (BL):
· It is FFS whether any RRM requirement need to be specified for IAB node and identify type of RRM requirement(s) (if need to be specified).
The agreements in RAN1 on SSB related IAB node discover and measurements for backhaul link is as follows.
· The Rel-15 SSB mapping pattern within a half frame is reused for IAB node discovery and measurements
· For IAB node discovery and measurement, the maximum number of STCs that can be configured for an IAB node DU per cell at one frequency location is 4. (Note: this number does not include the cell-defining SSBs for initial access)
· SSB transmission periodicity:
· 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms 
· For IAB node discovery and measurement, the maximum number of SMTC windows that can be configured for an IAB node is 4.
· SMTC window periodicity:
· 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms, 1280ms
It can be seen for backhaul link the SSB transmission periodicity has additional values of 320ms and 640ms compared to that for access link. The SMTC window periodicity has additional values of 320ms, 640ms and 1280ms. Since existing RRM requirements are specified with SSB periodicity and SMTC periodicity so the additional values are already covered by existing RRM requirements.
For IAB node discovery and measurement, maximum number of STCs that can be configured for an IAB node DU per cell at one frequency location is 4 and the maximum number of SMTC windows that can be configured for an IAB node is 4. This is something new compared to NR SSB transmission and SMTC window configuration. In our view corresponding RRM requirements should be specified to ensure IAB node discovery and measurement can work properly.
For CSI-RS based IAB node discovery there was agreements either.
· CSI-RS-based IAB node discovery in synchronized deployments
·  Backhaul link RSRP/RSRQ RRM measurements which are SSB-based and CSI-RS based
There is not much detail design of CSI-RS based IAB node discovery in RAN1. It is not sure if it is exactly the same as for NR. Since CSI-RS based mobility requirements for NR will be specified in a new WI started in this quarter, it would be better to wait for the outcome of the new WI. CSI-RS based RRM node for IAB node can be suspended.
Proposal 5. SSB based RRM requirements for backhaul link due to maximum number of SMTC windows should be specified.
Proposal 6. CSI based RRM requirements for backhaul is suspended waiting for further agreements in RAN1/2 and outcome of CSI-RS based mobility WI.

3. Conclusion
In this contribution, we provide our views on IAB OTA synchronization and IAB RRM requirements. Based on the observations following proposals are present. 
Proposal 1. RAN4 conclusion on range of T_delta is based on T_delta = - Tg/2.
Proposal 2. Range of T_delta is as in Table 1.
Table 1. Range of T_delta
	 SCS
	CP length (us)
	Range of T_delta (us)

	15KHz
	4.69
	[-NTA_offset/2 - 2.34, -NTA_offset/2]

	30KHz
	2.34
	[-NTA_offset/2 - 1.17, -NTA_offset/2]

	60KHz
	1.17
	[-NTA_offset/2 - 0.59, -NTA_offset/2]

	120KHz
	0.59
	[-NTA_offset/2 - 0.29, -NTA_offset/2]



Proposal 3. The granularity of T_delta is 64*Tc.
Proposal 4. Do not specify OTA synchronization (OTA-S) accuracy for IAB node.
Proposal 5. SSB based RRM requirements for backhaul link due to maximum number of SMTC windows should be specified.
Proposal 6. CSI based RRM requirements for backhaul is suspended waiting for further agreements in RAN1/2 and outcome of CSI-RS based mobility WI.

4. References
[1] R4-1902804, LS on OTA timing alignment for IAB, RAN1
[2] R4-1905306, LS on clarification of OTA timing alignment for IAB, RAN1
[3] R4-1907732	Way forward on IAB OTA timing and RRM, Ericsson, et al
[4] 
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