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List of agreements
The following way forward was agreed RAN4#98-e meeting [1]:

WF on knowledge of UL/DL split
RAN4 specify RF requirements based on the assumptions of repeater should be aware of the UL/DL split
· FFS on how repeater know DL/UL split
· Option 1: via the cell broadcast information
· Option 2: via proprietary application layer signaling 
· Option 3: via detecting over the air
· Option 4: via pre-configuration
· FFS on whether dedicated requirements is needed to make sure repeater could decode UL/DL configuration. 
WF on dynamic TDD
FFS on whether to support dynamic TDD
· Companies are encouraged to provide more arguments/proposals on the feasibility, need and how to support dynamic TDD for FR1 and FR2.
· Signaling and procedures that would involve other groups is out of the scope of the WI
· Impacts of dynamic TDD operation by repeaters on co-existence to other networks would need to be studied/taken into account
WF on group delay
· Clarification on the definition of group delay requirements
· Group delay is the potential delay of repeater, including the propagation delay and possible processing delay
· FFS on whether group delay requirement is needed, following aspects should be considered
· If the GP is not large enough to accommodate the additional delays
· To avoid L1-changes, for example CP design changes to avoid UL cross-symbol interference between the repeater signal and UE signal that is not amplified by repeater

WF on UL timing knowledge
· FFS whether UL timing related requirements are defined for TDD repeater.
· The following reasons were raised in RAN4#98e to be aware of the UL timing knowledge
· Option 1: to help repeater know when to switch from DL to UL to receive the signal from UE
· Option 2: to help repeater determines when to forward the signal to gNB
· Option 3: to avoid potential interference from misaligned UL timing
· How to be aware of the UL timing knowledge
· Option 1: Repeater can derive the UL timing autonomously
· Option 2: some mechanism needs to be standardized within the WI scope (i.e. RAN4)

In this contribution, we study some of the above questions and provide our views on NR repeaters for Rel-17 operating in TDD mode.

On knowledge of UL/DL split
RAN4 has decided that RF requirements for TDD NR repeaters are to be elucidated on the assumption that the repeaters are aware of the UL/DL split. As for how the repeater becomes aware of the UL/DL split, several options were proposed in RAN4#98e [1]:
· Option 1: via the cell broadcast information
· Option 2: via proprietary application layer signaling 
· Option 3: via detecting over the air
· Option 4: via pre-configuration
The down-selecting of options 1-4 above, it appears, is contingent upon the outcome of the second question in [1], namely, whether dynamic TDD is supported or not.
· If dynamic TDD is supported, then the mechanism used to convey the dynamic UL/DL split information can obviously be used to make repeaters aware of the UL/DL split.
· If dynamic TDD is not supported, or NR repeaters can support dynamic TDD optionally, then option 1, “via the cell broadcast information,” and option 4, “via pre-configuration” seem the most reasonable options, since they entail the least complexity. Option 2, “via proprietary application layer signaling” raises inter-operability challenges. Option 3, “via detecting over the air,” has the potential to increase the complexity of the signal processing at the repeater tremendously, e.g., if NR repeaters are to keep track of dedicated signaling to the UEs.

Observation 1:  whether or not dynamic TDD is supported can impact the solution on how the repeater becomes aware of the UL/DL split:
· If dynamic TDD is supported, the same mechanism as indicate the dynamic TDD can be used by repeaters to gain awareness of the UL/DL split. 
· If dynamic TDD is not supported, then option 1 (via the cell broadcast information) or option 4 (via pre-configuration) can be supported, since they entail the least complexity and guarantee inter-operability of communication nodes.

On dynamic TDD
Moreover, companies have been asked [1] to provide their points of view on whether dynamic TDD should be supported or not. In principle, since dynamic TDD is already supported by 3GPP NR specification, we think it is reasonable to include it in the scope of the WI. Additionally, considering the future compatibility on the “smart” repeater aspect, we think it is necessary that any solution for NR repeater should be well considered so as to be able to evolve it to “smart” repeater. 	In the end, the scheduling flexibility of NR network can be limited if the dynamic TDD is excluded. 
Observation 2: It is beneficial for the flexibility of scheduling as well as the specification forward compatibility point of view to consider the dynamic TDD for smart repeater. 
Supporting dynamic TDD for NR repeaters might require L1/L2 signaling. Although it was agreed during RAN4#98e that signaling and procedures that would involve other groups are out of the scope of the WI, RAN4 is allowed to assume that dynamic UL/DL split information is available to the repeater through some sort of signaling, that is to be defined by other groups. Other alternative ways of gaining such dynamic information can also be studied.
Proposal 1: RAN4 may assume that the necessary dynamic UL/DL split information is made available to the repeater by signaling, or by some other means to be determined.

On UL timing knowledge
In RAN4#98e, the following reasons were given for NR repeaters to be aware of UL timing:
· Option 1: to help the repeater know when to switch from DL to UL to receive the signal from UE;
· Option 2: to help the repeater determine when to forward the signal to the gNB;
· Option 3: to avoid potential interference from misaligned UL timing.

We believe that the three reasons above represent valid concerns and motivate a need for NR repeaters to be aware of UL timing. All three of them should be taking into consideration when deciding which specific type of UL timing knowledge that is required. In the following, we discuss three types of UL timing knowledge, discuss the merits of each them based on the three above options, and analyze their impact on the standard.

[bookmark: _Ref67921706]DL-to-UL switch autonomously
An obvious way to perform the DL-to-UL switch at the repeater is to let the repeater do the switch as soon as possible. This case is shown in Figure 1. A delay depending on the repeater implementation is involved. An advantage of this method is that any TDD NR repeater that is timing synchronized with the BS can perform the DL-to-UL switch autonomously. It therefore does not require any signaling from the BS. 
On the other hand, this approach requires that the repeater is capable of at least deriving the end of DL autonomously. Even though the repeater is assumed to be aware of the UL/DL split, considering the propagation delay between repeater and gNB, it is unclear if this would be feasible for a non-regenerative device.  With this approach the repeater is always operating either in the DL or in the UL, apart from the timing required by the DL-to-UL and UL-to-DL switches, which results in the largest potential for interference.
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[bookmark: _Ref67917713]Figure 1. Timing diagram of a TDD NR repeater with DL-to-UL switching after a time  that depends on its implementation, only.

Observation 3: The TDD repeater can switch autonomously to the UL if it can figure out the end of DL transmission. 

DL-to-UL switch in the middle of the GP
Another possible way to help the repeater being aware the UL timing knowledge (to help repeater know when to switch from DL to UL to receive the signal from UE), and does not require specific signaling from the BS is to mandate the repeater to perform the DL-to-UL switch at some predetermined time, for example, in the middle of the configured GP; see Figure 2. With this rule, about 50% of the transmit energy can be saved during the GP, compared to 2.1. Of course, any other judiciously selected fraction  of the GP can be used. For example, the approach in 2.1 corresponds to . 
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[bookmark: _Ref67922089]Figure 2. Timing diagram of a TDD NR repeater with DL-to-UL switching in the middle of the configured GP, in the time reference of the repeater.

A drawback with this approach, however, is that is lacks flexibility. If the fraction  is selected too large, the repeater will be active and transmit in the direction from the UEs to the BS before the UL transmissions from the UEs have had time to arrive at the repeater, thus wasting energy and potentially leading to interference. On the other hand, if  is selected too short, UL transmissions from certain UEs might arrive too late and, therefore, will not be properly relayed.
Observation 4: It is possible to specify a predefined switch time during the guard period for repeater to switch from DL to UL.

DL-to-UL switch based on the maximum configured TA
To adapt the on-time of the TDD NR repeater to the timing of the UEs actually being served, the timing information of the UEs needs to be taken into consideration. While it is theoretically possible that the TDD NR repeater acquires this information autonomously, e.g., by monitoring the timing and/or the contents of the exchanges between the BS and the UEs, this approach entails quite some complexity. Hence, in the remainder of our discussion we will assume that some signaling from the BS to the repeater is available. We propose that a timing advance (TA) for the repeater, , which tells the repeater how long in advance of the configured UL symbols the DL-to-UL switch should occur, is defined. The concept of a repeater TA is illustrated in Figure 3.
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[bookmark: _Ref67924236]Figure 3. Timing diagram of a TDD NR repeater with DL-to-UL switching at time , before the transition from GP symbols to DL symbols, in the time reference of the repeater.  The timing advance information  is signaled to the repeater by the BS.
To reduce the on-time of the repeater to a minimum while, at the same time, properly relaying the UL transmissions from all the UEs being served, accurate information of the propagation time between the BS and the repeater, the repeater and the UE, and BS and the UEs, is required. The latter is needed because UL transmissions from the UEs could reach the BS both through direct line-of-sight, and via the repeater. In general, acquiring such information is not straightforward. For example, the BS cannot directly measure the propagation time from the UEs to the TDD NR repeater. Because of this, a robust method of configuring the repeater TA is desirable. In this contribution, we proposed that the repeater TA is set to the maximum value of the TAs configured to the UEs.
Proposal 2. If signaling is supported by TDD NR repeaters, set , i.e., the repeater TA is set to the maximum of the TAs configured to the UEs being served by the cell.

Intuitively, Proposal 2 asserts that it is not necessary to turn on the repeater before the UEs start their UL transmissions. For those readers that wish to go beyond this intuition, a mathematical justification of this proposal is provided in the appendix.
An advantage of this approach is that only TA information of the UEs, which is already available to the gNB, is required to compute the repeater TA[footnoteRef:2]. Another advantage is that, under certain assumptions (which we explain below), it does not really matter how the UEs’ TAs are set. In particular, the suggested approach works also during initial access, at which time  has not yet been set yet and it may be assumed to be zero [2:  Here TA is the total amount of time by which UEs need to advance their transmissions; after initial determination, the TA is constantly adjusted, e.g., by means of TA adjust MAC CE commands.] 

The cons of the approach are also obvious: Dedicated signaling to indicate the largest TA to the repeater might be need as the TA is a UE-specific piece of information sent via MAC CE. Further study on whether such a method can be implemented within RAN4 scope might be needed. 

Observation 5: Indicating the maximum TA may involve dedicated signaling design and need further study.

[bookmark: _Hlk47387515]Conclusions
This document considered enhancements to Rel-17 in order to achieve a better tradeoff among UE complexity, performance and reporting overhead. The following observations and proposals have been made:
Observation 1:  whether or not dynamic TDD is supported can impact the solution on how the repeater becomes aware of the UL/DL split:
· If dynamic TDD is supported, the same mechanism as indicate the dynamic TDD can be used by repeaters to gain awareness of the UL/DL split. 
· If dynamic TDD is not supported, then option 1 (via the cell broadcast information) or option 4 (via pre-configuration) can be supported, since they entail the least complexity and guarantee inter-operability of communication nodes.

Observation 2: It is beneficial for the flexibility of scheduling as well as the specification forward compatibility point of view to consider the dynamic TDD for smart repeater. 
Observation 3: The TDD repeater can switch autonomously to the UL if it can figure out the end of DL transmission. 
Observation 4: It is possible to specify a predefined switch time during the guard period for repeater to switch from DL to UL.
Observation 5: Indicating the maximum TA may involve dedicated signaling design and need further study.
Proposal 1: RAN4 may assume that the necessary dynamic UL/DL split information is made available to the repeater by signaling, or by some other means to be determined.
Proposal 2. If signaling is supported by TDD NR repeaters, set , i.e., the repeater TA is set to the maximum of the TAs configured to the UEs being served by the cell.


[bookmark: _Ref68012433]References
[1] [bookmark: _Ref61816816]3GPP R4-2103881, “WF for TDD repeater,” CMCC.

Appendix
We show that setting the repeater TA, as suggested in proposal 2, always leads to UL transmissions by the UEs being properly relayed to the BS. The condition for this to happen is that the signal transmitted by the UE (any UE) reaches the repeater after this one has completed the DL-to-UL switch, or

, 	      (1)

where the term  stands for a convex combination 



of the LoS propagation delay , and the propagation delay  via the repeater. It is clear that the minimum of the LHS of (1) is attained at . Hence, condition (1) is satisfied if the following condition is satisfied:

. 	      (2)

Assuming that propagation through the different paths BS-UE, BS-repeater and repeater-UE occurs dominantly through the respective lines of sight, we can use the equalities , , . Now, by applying the triangle inequality , it follows that the condition  is always fulfilled, and therefore (2) reduces to 

. 	      (3)

A sufficient condition is therefore . 
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