
3GPP TSG-RAN WG4 Meeting # 100-e										R4-2112196
Electronic Meeting, August 16-27, 2021

Agenda item:	9.5.1.3
Source: 	CMCC
Title: 	Discussion on TDD synchronization related requirements
Document for:	Discussion
1. Introduction
In last RAN4 #99 e-meeting, a new WF for TDD repeater [1] is approved with following agreements:
· For group delay: Is a group delay requirement needed?
· Would a group delay requirement or excessively long group delay constrain certain implementations or deployment?
· Should a group delay requirement apply only to an integrated repeater?
· For TDD switching: a figure is taken as baseline
· How to differentiate the two directions (UL/DL) in the diagram and the requirements?
· How to measure gain switching?
· Stimulus signal should remain ON for the whole time or also switch ON/OFF at TDD switching times?
· How to specify requirement to avoid stimulus signal power being measured (for OTA)?
· Are the above questions only conformance or are they relevant for how the core requirement is specified?
· Whether there is any requirement impact from the connection between DL switching occasion and UL switching occasion or can they be treated independently?
· Whether the test can be merged to other requirements such as output power, off power, EVM, etc
· Further refine the figure is not excluded. Repeater gain for DL and UL can be different.
· How to name the requirement.
In this contribution, we focus on TDD synchronization related requirements for NR repeater.
2. Discussion
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, total 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, let alone the other larger SCS with less CP. 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 at UE side and then the group delay could be allowed larger than CP length without any ISI. 
Compared with ISI interference, DL-UL interference is much severe and should be total inhabited. 
In order to avoid DL-UL cross link interference, DL should be synchronized to gNB TX timing and UL follows the TA control command to guarantee received UL signal at gNB is TTA,offset in advance compared with DL slot to guarantee enough time for gNB to switch from Rx to Tx.
Following two schematic diagrams illustrate the slot timing for network deployed with repeater and fig 1 for switching from DL to UL and fig 2 for switching from UL to DL.


fig 1: DL->UL timeline for network deployed with repeater 
Note: in the above diagram, DL->UL switching time means the time period that repeater terminate gain amplification and maintain the gain OFF status.


fig 2: UL->DL timeline for network deployed with repeater 
Note: in above diagram, UL->DL switching time means the time period that repeater terminate gain amplification and maintain the gain OFF status.
In last meeting, it was approved to take following diagram as the baseline for TDD switching requirements, which consists of DL and UL two part and each part illustrates that repeater should start its amplification in advance of the corresponding DL/UL target timeline and terminate its amplification after the corresponding target timeline. 


Fig 3. illustration for TDD switching requirements
Besides, there are two open issues related to the TDD switching requirements.
Issue 1: using output power or gain to regulate TDD switching requirement?
This issue is related to how to test the switching requirements. Gain is much easy to be tested because if we obtain repeater’s target output power and received input power then we could calculate corresponding amplification gain. However, the issue is if we use gain as the criteria for TDD switching requirement, we don’t know how much gain is reasonable for corresponding TDD switching requirements. As we know different classes may have different amplification gain, we don’t have specific knowledge how much amplification gain is enough to cover all deployment scenarios. For output power, we could use the specified maximum output power to test TDD switching requirements. Therefore, maximum output power could be tested together with TDD switching requirements.
Proposal 1: maximum output power could be tested together with TDD switching requirements.
Issue 2: TDD switching related requirements
We list the candidate schematic diagram of TDD switching related requirements as below based on above fig 1-3.
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Fig 4. Schematic diagram of D->U->D switching related requirements
Proposal 2: fig 4 is suggested as the schematic diagram of TDD switching related requirements. 
In above diagram GP means the GP at repeat side and equals to:

and 
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Based on above analysis, TDD switching related requirements include GP at repeater side, group delay, TDD switching period, power ramp down and power ramp up transition period. Two options are listed as below to show how to define TDD related switching requirements
· Option 1: only list the schematic diagram as in fig4 in the spec without any specific basic limits of TDD switching related requirements.
· Option 2: define basic limits for at least one part of above TDD switching related requirements.
Proposal 3: two methods for TDD switching related requirements definition are listed as below. TDD switching related requirements include group delay, TDD switching period, power ramp down and power ramp up transition period.
	Option 1: only list the schematic diagram as in fig4 in the spec without any specific basic limits of TDD switching related requirements.
	Option 2: define basic limits for at least one part of TDD switching related requirements including group delay, TDD switching period, power ramp down and power ramp up transition period. 
Before the choice of above two options, we should at first know the motivation of TDD switching related requirements. From our point of view, it is defined to guarantee repeater could amplify corresponding signal in advance before it receives and terminate its gain amplification after signals passed through repeater without introducing cross link interference. For example, D->U switching related requirements are defined to make repeater could amplify UL received signal before it receives. Too long DL-UL switching related requirements would make repeater unable to amplify UL signal in time and then some UL signal could be missed by repeater or DL-UL cross link interference would occur due to repeater amply DL signal in UL slot/symbol. Therefore, the key for choice of option 1 or option 2 is whether current other RF requirements e.g. EVM could already achieve above motivation of TDD switching requirements. 
Observation 1: before defining TDD requirements, we should find out whether current RF requirements e.g. EVM could already make sure repeater amplify corresponding signal in advance before it receives and terminate its gain amplification after signals passed through repeater without introducing cross link interference.
3. Conclusions
In this contribution, TDD synchronization related requirements are discussed with following observations and proposals:
Proposal 1: maximum output power could be tested together with TDD switching requirements.
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Fig 4. Schematic diagram of D->U->D switching related requirements
Proposal 2: fig 4 is suggested as the schematic diagram of TDD switching related requirements. 
Proposal 3: two methods for TDD switching related requirements definition are listed as below. TDD switching related requirements include group delay, TDD switching period, power ramp down and power ramp up transition period.
· Option 1: only list the schematic diagram as in fig4 in the spec without any specific basic limits of TDD switching related requirements.
· Option 2: define basic limits for at least one part of TDD switching related requirements including group delay, TDD switching period, power ramp down and power ramp up transition period. 
Observation 1: before defining TDD requirements, we should find out whether current RF requirements e.g. EVM could already make sure repeater amplify corresponding signal in advance before it receives and terminate its gain amplification after signals passed through repeater without introducing cross link interference.
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