[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42]3GPP TSG RAN WG1 #104-e			                              R1-2100744
e-Meeting, January 25th – February 5th, 2021

[bookmark: Source]Agenda Item:   8.10.2
Source:	Fujitsu
Title:	Other enhancements for simultaneous operation of IAB node’s child                      and parent links
Document for:	Discussion/Decision
Introduction
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Aiming to increase spectral efficiency of IAB, IAB enhancements in Rel-17 will support simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links according to the WID [1]. With respect to the transmission timing alignment for simultaneous operation, Case 6 and Case 7 timing mode have been studied from the IAB SI. In RAN1#103-e, the following agreements have been further made [2],
Agreement
Select one or both of the following modes of operation for Case 7 timing in RAN1#104-e:
· symbol level alignment without slot level alignment
· slot level alignment

Agreement
An IAB-node, when operating in Case 7 timing mode, can enable a child node to set its DL Tx timing based on Rel-16 OTA timing synchronization mechanism.
· FFS whether Rel-16 OTA synchronization mechanism enhancements are required 
· FFS details of enhancements, if required

Agreement
Case 6 timing mode operation at an IAB-node is controlled by the parent node to which the UL transmission is intended for.

In addition, the following agreements related to power control mechanisms have been made, 
Agreement
Further study requirement of enhanced DL and UL Tx power control mechanism considering the following: 
· DL/UL power control with assistance information from the child node.
· DL/UL power control with assistance information from the parent node.
· Central (e.g. by CU) power control coordination (e.g. semi-static max DL/UL Tx power limits).
· Coexistence of different power control mechanisms within an IAB node and in the network.
Note. Any power control mechanism should consider the following aspects:
· Existing base station design principles (e.g. power control and dynamic range capability, etc.) related to transmission power.
· Network constraints in regard to transmitted reference signals with constant power.
In this contribution, we further discuss the details on timing alignment and power control mechanisms for simultaneous operation.
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Case #7 timing mode
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Figure 1: Case #7 timing mode for simultaneous Rx of parent and child links

As shown in Figure 1, Case #7 timing mode is defined as follows,
· The DL Tx timing for all IAB-nodes is aligned with parent or donor DL Tx timing
· The UL Rx timing of an IAB-node can be aligned with the IAB node's DL Rx timing
 Here the timing alignment can be at symbol level or slot level. When slot-level timing alignment is achieved, more symbols can be used for simultaneous operation and thus the frequency utilization efficiency can be improved. 
The existing TA command can be used to align the Rx timing of child UL with that of parent DL at symbol-level.  But it is not enough for slot-level alignment because a 6-bit TA command which can be used for both positive and negative advance has a limited range compared with the range of positive timing advance that can be achieved after receiving the RAR. Basically, the 6-bit TA command is used for timing adjustment within the duration of CP length. In the other hand, the timing adjustment during initial access is based on an 11-bit TA command in RAR and TA_offset. The 11-bit TA command in RAR indicates only positive timing advance and the default values for TA_offset are 13us for FR1 TDD band and 7us for FR2 TDD band. 
Observation 1: Symbol-level alignment for Case #7 timing in which UL Rx timing is ahead of DL Rx timing by a few symbols can be achieved by using the legacy TA mechanism. 
To support slot level timing alignment, an effective negative TA for child link is required to be introduced. A straightforward way to achieve it is to signal a symbol level timing shift to be applied in addition to aligning symbol timing by using the existing TA mechanism.  The IAB node can schedule the child node and UEs those supporting the symbol level timing shift based on the new slot timing. Since Rel-15/16 UE does not support this kind of negative TA, the IAB node is required, and also able, to schedule the child nodes and UEs of previous releases based on the slot timing without a symbol level timing shift. Incidentally, it is not necessary to consider this coexistence issue in the scenario of out-of-band relaying. 
Observation 2: Slot-level alignment for Case #7 timing can be achieved by introducing a symbol level timing shift in addition to the symbol-level alignment. The IAB node can schedule the child node and/or UEs whether or not they are capable of applying a symbol level timing shift in the same slot.
Proposal 1: Support both symbol-level alignment and slot-level alignment for Case #7 timing for simultaneous operation of MT Rx/DU Rx.

Power control
As for simultaneous operation of MT Rx/DU Rx at an IAB node, the reception of parent DL BH’s signal may block the reception of child UL’s signal in case that the gap between the power of the former and that of the latter goes beyond the limit. Either or both lowering the power of the former and raising the power of the latter can help reducing the gap. To prevent too high Rx power of parent DL BH at the IAB node, a max DL Tx power limit for the targeting slots could be configured to the parent node for example by the CU. To increase the UL power of child UL to be not too far from the RX power of parent DL BH, the IAB node can use existing transmission power control mechanism. 
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Figure 2: Slots for different multiplexing modes

As shown in Figure 2, multiplexing scenarios may change slot by slot. Mandating the same setup for different multiplexing scenarios and/or time resources may restrict the flexibility of scheduling. In one example, an IAB-DU may want to schedule to a child node both slots for simultaneous MT Rx/DU Rx and slots only for DU Rx according to the status of UE traffic. The optimum UL Rx power density may not be the same between those slots. That means it can be beneficial to support separate setup of power control parameters for a link in different multiplexing scenarios or time resources.
Proposal 2: Support separate setup of power control parameters for links using different multiplexing scenarios or time resources.

Conclusions
In this contribution, we discussed timing alignment and power control for supporting simultaneous operation of IAB node’s child and parent links. The observations and proposals are summarized as below,
Observation 1: Symbol-level alignment for Case #7 timing in which UL Rx timing is ahead of DL Rx timing by a few symbols can be achieved by using the legacy TA mechanism. 
Observation 2: Slot-level alignment for Case #7 timing can be achieved by introducing a symbol level timing shift in addition to the symbol-level alignment. The IAB node can schedule the child node and/or UEs whether or not they are capable of applying a symbol level timing shift in the same slot.
Proposal 1: Support both symbol-level alignment and slot-level alignment for Case #7 timing for simultaneous operation of MT Rx/DU Rx in Rel-17.
[bookmark: _GoBack]Proposal 2: Support separate setup of power control parameters for links using different multiplexing scenarios or time resources.
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