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Introduction

Simple repeater has been introduced for UTRA in 3GPP including FDD in Rel-4 and TDD in Rel-10. In Rel-8 LTE phase, LTE based repeater in FDD was also specified in TS 36.106. Recently, A work item on NR based repeater including FR1 and FR2 was approved for standardization in last RAN#90e meeting. In the last RAN4#98e meeting, normative work has been triggered and one of most controversial issues documented in WF [5] is how an NR repeater could be aware of DL-UL split from parent gNB with the assumption of repeater working with simple RF forwarding functionality. In this contribution, we want to share some further inputs on that.
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. 

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.
Discussion 

The basic diagram for simple RF repeater in TDD is shown as following Figure 1, where downlink signal is received by donor antenna and amplified via DL PA and transmitted by coverage antenna and it is vice versa for uplink between UE and BS.
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Figure 2.1. RF diagram of TDD repeater [Revised from TR 25.956]
For TDD based repeater similar as other TDD BS/UE equipment, accurate timing information for Tx&Rx switching is definitely needed, otherwise it’s unclear how to turn on its RF chain to differentiate DL and UL.

For legacy LCR based repeater (UTRA TDD based repeater) introduced in Rel-10, cell specific DL-UL pattern configuration could be pre-configured for TDD based repeater during the network deployment and this should be unlikely changing once it was deployed. Similar approach could also apply for E-UTRA TDD based repeater even though there are no specification for that kind of repeater. 
However in NR there are not only semi-static cell specific DL-UL pattern configuration, but also semi-static UE specific DL-UL pattern configuration and dynamic group-common DL-UL pattern configured via DCI format 2-0 SFI.
For simple RF repeater without decoding/forwarding function or L1/MAC entities, then its practical deployment should be limited to certain scenarios only by static DL-UL pattern. 
Observation 1: without explicit DL-UL pattern information or with static DL-UL pattern only at repeater, the deployment should be limited;

In the last RAN4#98e meeting, there were some initial discussions and some candidate options at the high level has been proposed as following, however proposed options still cannot fully resolve the concerned DL-UL pattern issue and details could be found the in the following Table.
Table 2.1. summary of proposed options for DL-UL information acquisition
	Candidate options
	Methodology
	Notes

	Option 1


	via the cell broadcast information


	only cell specific DL-UL information could be obtained, however UE specific DL-UL information is still unknown;

In addition, it also needs the baseband capability to decode system information; 

	Option 2
	via proprietary application layer signaling
	not clear how to obtain DL-UL infomration via proprietary application layer signaling

	Option 3
	via detecting over the air
	not clear which kind level of information could be obtained via OTA method. Both cell specific DL-UL information and UE specific DL-UL information or only cell specific DL-UL information

	Option 4 


	via pre-configuration


	this approach will restrict the deployment scenario of repeater with this kind of implementation, for network with flexible DL-UL configurations, this kind of repeater is not workable.   


Based on our analysis, if TDD based repeater needs to obtain the full package information of cell specific DL-UL pattern (tdd-UL-DL-Config Common), UE specific DL-UL (tdd-UL-DL-ConfigDedicated) and group common DCI format 2_0 SFI, then TDD based repeater should have the capability similar as normal UE to decode the RRC signalling, after entering RRC_CONNECTED mode, the repeater need further to monitor and decode the PDCCH to acquire dynamic DL_UL pattern. But this kind of signalling/procedure discussion might be out of scope of WI, therefore some further discussion at RAN-P might be needed.
Conclusions
In this contribution, we shared some initial considerations on NR based repeater, the following proposals are made:

Observation 1: without explicit DL-UL pattern information or with static DL-UL pattern only at repeater, the deployment scenario should be limited; 
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