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1. Introduction
In last RAN4 #98 bis e-meeting, a new WF for TDD repeater [1] is approved with following agreements:
· For synchronization requirements:
· There is no need for an explicit synchronization requirement. It’s FFS whether sync can be implicitly captured/verified in some requirements i.e. TDD switching requirements.
· There is no need to explicitly capture any synchronization method. During the test, SSB can be provided in the test. 
· For group delay:
· Further analysis required to see what's achievable performance on group delay for repeater and the potential impact on NW performance. FFS whether group delay requirements needed or not.
· TDD switching:
· TDD Switching Requirement is needed, and detailed requirements will be further discussed under RF requirements agenda.
· At least On/Off mask requirements will be introduced, FFS whether other additional requirements needed or not
· FFS how to cover both UL and DL directions for repeater
· FFS both directions jointly tested or not if repeater support both DL and UL
In this contribution, we focus on TDD synchronization related requirements for NR repeater.
2. Discussion
2.1 group delay requirements
In UTRA repeater spec, time delay is introduced to specify the total delay introduced by repeater, including the group delay in repeater itself and extra travelling delay caused by the distance difference since the signal path through repeater would be longer than the direct path. In UTRA repeater spec, a time delay of 5-6us is introduced in TR 25.956 only for UTRA repeater planning guidance and system analysis. However, in the corresponding UTRA repeater TS spec, there is no dedicated group delay requirements. Maybe we could guess the group delay value is assumed to be less than 5-6 us and based on implementation.
The ideal value for group delay is less than CP length to avoid any inter-symbol interference between direct signal from BS/UE and signal through repeater. For 30kHz SCS, the normal CP is 2.34us, which is very hard to be achieved by RF repeater. However, this kind of inter-symbol interference could be reduced or even avoided by repeater deployment planning. For example, one typical coverage hole is the basement scenario where the signal directly from gNB is too weak to interfere the signal received from repeater and then the group delay could be allowed larger than CP length without any ISI. In other use cases, the ISI maybe hard to be avoided as repeater service area maybe always overlapping with BS service area even after deployment planning. Then throughput would be reduced. 
Observation 1: in some use cases, the ISI could be avoided even when group delay is larger than CP length, e.g. in basement scenario while in other use cases throughput would be reduced due to the deployment of repeater.
Compared with ISI interference, DL-UL interference is much severe and should be total inhabited, therefore
Proposal 1: the practical group delay requirement could be larger than CP considering implementation complexity and less than GP to avoid DL-UL interference.
2.2 TDD switching requirements
In UTRA repeater spec, timing accuracy requirement is defined to regulate repeater synchronization with donor network node, which include the downlink ramp on/off time and uplink ramp on/off time in terms of chip. The downlink/uplink gain versus time should meet the mask specified in TS 25.116 as below. The beginning and end point of downlink/uplink burst are calculated according to the trigger given by NodeB or LCR TDD signal generator. 
[image: ]
The same approach of specifying gain ON/OFF mask could be only reused to regulate repeater amplification and forward capability for single direction rather than regulating TDD switching requirements e.g. from DL to UL or from UL to DL. Joint test for both DL and UL is necessary to avoid DL-UL interference. The following diagram show one option for TDD switching requirements.
Proposal 2: following diagram for TDD switching requirement is suggested.


3. Conclusions
In this contribution, TDD synchronization related requirements are discussed with following observations and proposals:
Observation 1: in some use cases, the ISI could be avoided even when group delay is larger than CP length, e.g. in basement scenario while in other use cases throughput would be reduced due to the deployment of repeater.
Proposal 1: the practical group delay requirement could be larger than CP considering implementation complexity and less than GP to avoid DL-UL interference.
Proposal 2: following diagram for TDD switching requirement is suggested.


4. Reference
[1] R4-2106110, Way Forward on TDD repeaters, Ericsson
Microsoft_Visio_Drawing.vsdx
Downlink burst without GP
Uplink burst without GP
GP
Repeater gain off
Rated
gain
zero
gain
ON
Transition period
Repeater gain on
Repeater gain on
OFF
Transition period
ON Transition period
OFF
Transition period



Microsoft_Visio_Drawing1.vsdx
Downlink burst without GP
Uplink burst without GP
GP
Repeater gain off
Rated
gain
zero
gain
ON
Transition period
Repeater gain on
Repeater gain on
OFF
Transition period
ON Transition period
OFF
Transition period



image1.emf
  Figure  14 .1:  Downlink gain  ON/OFF template  

8   chi ps   8   chips  

Rated Gain  

Zero Gain  

Downlink burst without GP  


image2.emf
Downlink burst without GP Uplink burst without GP

GP

Repeater 

gain off

Rated

gain

zero

gain

ON

Transition 

period

Repeater gain on  Repeater gain on 

OFF

Transition 

period

ON 

Transition 

period

OFF

Transition 

period


