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1 Introduction
A new WI [1] to introduce NR repeater was agreed in RANP#90e meeting. In this paper, we provide views about some general aspects of NR repeater. The discussions cover the follow 4 issues:
· Support to dynamic TDD deployment
· Timing synchronization accuracy for UL signal reception and forwarding in TDD
· Ambiguity in channel bandwidth
· Spatial-selective forwarding in FR2
2 Discussion
Support to dynamic TDD deployment
In NR system, a static TDD UL/DL configuration is broadcasted in SIB which is available for all UEs and all repeaters. However, it can be later over-written by SFI (slot format indicator) and scheduling DCIs which are dedicated to a group of UEs or a single UE. A repeater might not have the knowledge for this kind of UE-specific information. A conservative approach is to only forward DL and UL OFDM symbols and do nothing to flexible symbols. However, this could limit the use case of NR repeater in TDD. Some solution needs to be discussed to enable repeater in dynamic TDD deployments.
[bookmark: _Ref61380347]Observation 1: UE-specific information (e.g., SFI or DCI) may overwrite the static UL/DL configuration in SIB. It is not clear whether an NR repeater is able to acquire UE-specific information. 
[bookmark: _Ref61380359]Proposal 1: RAN4 to discuss how to enable NR repeaters to get the SFI and scheduling DCI information for dynamic TDD deployments. 

Timing synchronization accuracy for UL signal reception and forwarding in TDD
Repeater, similar to a UE, is expected to sync to gNB according to its DL receiving timing. In the DL direction, the repeater can simply forward what it received by following the DL reference timing from gNB. 
However, the situation is more complicated in UL. There are 2 sub-issues: 1) when to start UL forwarding and 2) when to start listening to UL signals.
1) When to start UL forwarding: For normal UEs, the UL transmission timing will be adjusted by gNB via TA commands to guarantee that the UL signals from all UEs arrive in an aligned timing for gNB reception, even though different UEs have different geographic distances to gNB. However, it is not clear whether the same TA mechanism can be also applicable to NR repeater. If not, how the repeater determines the UL transmission starting time needs to be discussed and standardized.
2) When to start listening to UL signals: Since different UEs have different UL transmission starting times adjusted by gNB TA commands, it is not guaranteed that the UL signals from different UEs will arrive at the same time at the repeater side. On the other hand, since the repeater is synchronized with the DL timing of gNB, the repeater also needs to start listening to the potential UL signals with sufficient timing advance. But how repeater determines this starting time and duration for UL signal listening is not clear at this moment.  
[image: ]
[bookmark: _Ref61379610]Figure 1. How repeater determine 1) when to start UL forwarding and 2) when to start listen to UL signals 

[bookmark: _Ref61380349]Observation 2: How the repeater determines the starting time for UL transmission is not clear.
[bookmark: _Ref61380351]Observation 3: How the repeater determines the starting time and duration for UL signal listening is not clear.
[bookmark: _Ref61380361]Proposal 2: RAN4 to discuss how the repeater determines the starting time for UL transmission as well as the starting time and duration for UL signal listening.

Ambiguity in channel bandwidth
In NR, the channel bandwidth (CBW) information is provided in many places. 
· One broadcast CBW information is provided in SIB1. This value is targeted to be also read by Rel-15 UEs. Therefore, the value is expected to be selected from Rel-15 mandatory CBWs in order to allow legacy UEs to camp on. 
· Another UE-specific CBW information is provided during RRC message exchange. Since this CBW is UE specific, network can actually signal a different CBW which is introduced in Rel-17 to an Rel-17 UE in order to fully utilize operators bandwidth
The problem here is that while a repeater can read SIB1 it is not clear whether it is able to acquire UE-specific BW as shown above. With only SIB CBW information, the repeater would only forward a subset of PRBs in the whole CBW. This will create some unexpected problems in DL PDCCH/PDSCH decoding, CSI feedback or SRS sounding.
[bookmark: _Ref61380352]Observation 4: It is not clear whether an NR Repeater is able to acquire the real CBW signaled through dedicated RRC message to UE.
[bookmark: _Ref61380362]Proposal 3: RAN4 to discuss how an NR repeater gets the information to the actual CBW used by the gNB.

Spatial selective forwarding in FR2
In FR2, the repeater may be only in the coverage of a certain SSB beam of the gNB, as illustrated in Figure 2. 
For broadcast signal such as SSB and RMSI, the repeater can forward them whenever needed because they have a pre-defined and fixed time-domain location. However, for other DL data traffic, the repeater has no idea in which slot the signal will be forwarded along with the beam direction of SSB#4. Same issue is also encountered in the UL side. The repeater can try to forward everything it received in the corresponding RACH resources associated to SSB#4, but it does not work for other UL data traffic.
One basic solution is to require the repeater to always forward everything it received in all slots. However, it is not a good approach for it will not only unnecessarily increase the repeater power consumption, it will also generate unnecessary interference to other communications in the same or different cells. A better solution is to let the repeater to only forward the signal in specific DL/UL slots indicated by gNB. However, this requires some more discussions. 
[bookmark: _Ref61380354]Observation 5: The repeater may be only in the coverage of a specific DL Tx beam in FR2, but it is not clear whether the repeater is able to identify when the DL traffic will be transmitted along with the Tx beam direction. 
[bookmark: _Ref61380364]Proposal 4: RAN4 to study how to inform repeater on which slot to forward or not to forward in FR2.
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[bookmark: _Ref61379618]Figure 2. One example that the repeater is only in the DL beam coverage of SSB#4.

3 Summary
In this paper, we provide our view from the following 4 aspects: 
· Support to dynamic TDD deployment
· Timing synchronization accuracy for UL signal reception and forwarding in TDD
· Ambiguity in channel bandwidth
· Spatial selective forwarding in FR2
We have the following observation and proposals
Observation 1: NR repeater has no idea about the UE-specific information (e.g., SFI or DCI) that may overwrite the static UL/DL configuration in SIB. 
Proposal 1: RAN4 to discuss how to enable NR repeaters to get the SFI and scheduling DCI information for dynamic TDD deployments.

Observation 2: How the repeater determines the starting time for UL transmission is not clear.
Observation 3: How the repeater determines the starting time and duration for UL signal listening is not clear. 
Proposal 2: RAN4 to discuss how to the repeater determines the starting time for UL transmission as well as the starting time and duration for UL signal listening.

Observation 4: It is not clear whether an NR Repeater does not have the knowledge aboutis able to acquire the real CBW signaled through dedicated RRC message to UE. 
Proposal 3: RAN4 to discuss how an NR repeater gets the information to the actual CBW used by the gNB.

Observation 5: The repeater may be only in the coverage of a specific DL Tx beam in FR2, but it is not clear whether the repeater has no idea is able to identify when the DL traffic will be transmitted along with that the Tx beam direction. 
Proposal 4: RAN4 to study how to inform repeater on which slot to forward or not to forward in FR2.

Proposal 5: it is proposed to consider the above while defining the workplan for this work item.
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