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1. Introduction
This contribution provides our further views on TDD switch timing accuracy requirement and the group delay requirement.
2. Discussion
2.1 TDD switch timing accuracy requirement
In the WF [2] of last RAN4 meeting, the following figure is taken as a baseline.


And there’re several issues needs further elaboration,
· 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.

According to the WF, there’re many details needs further discussion and decision. The followings are some further analysis and idea.
· How to differentiate the two directions (UL/DL) in the diagram and the requirements?
The figure in the WF is not very clear in some aspects. For example, it’s not clear that if the gain is DL and UL. The main problem is that the output signal in the figure is from two outputs, DL and UL, then it’s not clear how to verify the requirements. There’s another confusing aspect that how to understand the GP and if it needs to be tested. In order to make the figure and the requirements clearer, one solution could be define the requirements in two figures. For example, use the following two figures to define the requirements for DL and UL. 



DL transmission
UL OFF period
OFF power level
 




UL transmission
OFF power level

 
DL OFF period

Figure 1: TDD switch timing accuracy requirement
For the DL, requirements can be EVM at maximum output power and OFF power level. For UL, requirements can be EVM at maximum output power and OFF power level. The EVM requirement is defined in the DL/UL transmission. The OFF power level may need some discussion. Considering the BS transient period requirements as following figure,
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Figure 2: BS transient period requirements
The BS OFF power level is defined during the transmitter OFF period. The transmitter OFF period includes the GP for BS. However, there’s some difference for repeater comparing with BS. First is that the transient period compared with BS or UE is longer because there’s transmit path in repeater. Second is that in the GP period, there’s flexibility for repeater if DL or UL is still switch on, especially UL may be switched on immediately after DL transmission is completed because repeater doesn’t have the UE TA mechanism to control the UL switch on and off. The safe action could be when DL transmission is completed, UL can be switched on. Therefore, the DL/UL OFF period can be defined a little different with BS. DL OFF period is defined as the period including UL transmission and UL transmit period. The problem is that repeater UL transmit period may be a little larger than UE transmit period. However, for the DL OFF power measurement, repeater UL transmission + UE transmit period length * 2 is sufficient. For UL OFF power measurement, repeater DL transmission + BS transmit period length * 2.
Proposal 1: The TDD repeater requirements can be defined as EVM and OFF power level for both DL and UL.
Proposal 2: The DL OFF power level is measured at the UL transmission period + UE transmit period length *2. The UL OFF power level is measured at the DL transmission period + BS transmit period length *2.
· How to measure gain switching?
For conducted requirements, CCSA TD-LTE repeater system set up in the Annex can be considered to be reused. For NR repeater, the set up can be as the following,
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Figure 3: Repeater system set up example
In the CCSA TD-LTE repeater test, the signal generator 1 and signal generator 2 are synchronized and generate DL or UL signal using the same TDD configuration, and there’s no detail description if the signal generator 1 and 2 should be started at the same time. In our understanding, some of the CCSA requirements needs to start both signal generators, for example the switch internal requirement. Some requirement may need to start one of them, such as the OFF power level. So using the test set up in Figure 3 for conducted TDD switch time accuracy requirement is sufficient.
For the radiated requirements, there was a concern as following,
· How to specify requirement to avoid stimulus signal power being measured (for OTA) ?
In our understanding, there may be no problem for the measurement because in the real deployment, repeater needs to communicate with both donor BS and UE. So if there’s no problem for the real deployment, the measurement can also work through the set up. However, this needs the confirmation from TE vendors. For repeater, the input signal is very weak compared with the output signal, so there may be no problem for the measurement. Therefore, if there’re no difficult issues for the test set up, we think the FR2 requirement can be defined similar with conducted requirement.
Based on the above analysis, our understanding is that the requirements can be defined as Figure 1 for both conducted and radiated requirements. The detail in conformance test can be discussed later in the conformance test phase.
· Whether there is any requirement impact from the connection between DL switching occasion and UL switching occasion or can they be treated independently ?
For this requirement, our understanding is that it depends on how the repeater synchronizes with donor BS. If the repeater synchronizes with donor BS automatically, the DL signal generator and UL signal generator needs to output signal with the same DL/UL configuration and they needs to be synchronized to avoid the repeater in the wrong work mode. The test set up is the same as Figure 3 for conducted and the radiated set up is similar for the synchronization and DL/UL configuration is the same. For the repeater with manual or remote configuration for the synchronization and DL/UL configuration, the DL and UL can be tested independently. So for the requirements phase, this issue can be left in the conformance test phase.
· Whether the test can be merged to other requirements such as output power, off power, EVM, etc
Our understanding is that if the TDD switch timing requirement is defined as proposal 1 and proposal 2, the test can be merged in output power, off power and EVM measurement. If there’re other specific requirements defined, it may need specific test.
· How to name the requirement.
Our proposal is that TDD switch timing accuracy can be the name which is the same as CCSA TD-LTE repeater requirement and it’s more accurate.
Proposal 3: TDD switch timing accuracy is the name of the requirement.
· Other issues
There’re dynamic range and DL/UL configuration capability requirement for the TDD switching in CCSA TD-LTE repeater requirement. The dynamic range requirement is defined as TDD switching can work properly in the input level dynamic range of 35 dB (maximum input level -25 dB to + 10 dB). The TDD switch with different DL/UL configuration capability is defined that TDD switch can work properly for different DL/UL configuration. For the two requriements, we think different DL/UL configuration capability can be tested in the other requirements, such as the timng accuracy requirement. For the dynamic range requirement, we think it may be considered by the NR repeater. What’s the exact dynamic range, can be discussed further.
Proposal 4: Dynamic range for the TDD time accuracy requirement is defined, [35] dB range as CCSA TD-LTE is considered.
Proposal 5: Different DL/UL configuration capability can be merged to the TDD time accuracy requirement.
2.2 Group delay
The WF in last meeting listed the issues for group delay as following,
· Is a group delay requirement needed?
· Would a group delay requirement or excessively long group delay constrain certain implementations or deployments?
· Should a group delay requirement apply only to an integrated repeater?
There’re group delay requirement in the CCSA TD-LTE repeater requirements. The requirement includes two aspects.
1) The group delay for DL and UL is ≤ 9us.
2) The difference between DL group delay and UL group delay is ≤ 1us.
Our understanding is that the group delay definitely impact the deployment that the long group delay brings some constrains to the deployment. And the DL/UL group delay should be limited to some level in order that the TDD reciprocity can be maintained after the repeater is deployed between the donor BS and UE. However, as the repeater architecture is relatively simpler than BS, our understanding is that the group delay difference between the different implementations may not be very large. So this performance can be left to implementation.
Proposal 6: No group delay requirement is defined for NR TDD repeater. 
3. Conclusion
This contribution provides our views on the requirements for TDD repeater, the followings are proposed,
Proposal 1: The TDD repeater requirements can be defined as EVM and OFF power level for both DL and UL.
Proposal 2: The DL OFF power level is measured at the UL transmission period + UE transmit period length *2. The UL OFF power level is measured at the DL transmission period + BS transmit period length *2.
Proposal 3: TDD switch timing accuracy is the name of the requirement.
Proposal 4: Dynamic range for the TDD time accuracy requirement is defined, [35] dB range as CCSA TD-LTE is considered.
Proposal 5: Different DL/UL configuration capability can be merged to the TDD time accuracy requirement.
[bookmark: _GoBack]Proposal 6: No group delay requirement is defined for NR TDD repeater. 
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Annnex:
· CCSA TD- LTE repeater switch timing accuracy test set up
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· CCSA TD-LTE repeater TDD switch timing accuracy requirement.
The TD-LTE repeater TDD switch timing accuracy requirement includes the following 5 aspects,
1) The DL OFF power level in receive period shall be ≤-85 dBm.
2) The UL OFF power level in transmit period shall be ≤-85 dBm.
3) The DL signal switch off time delay, UL signal switch on time advance, UL signal switch off time delay and DL signal switch on time advance shall ≥1us.
4) The switch internal shall ≥2us.
5) The DL/UL signal shall meet EVM requirement.
[image: ]
Figure 2: An example of the TD-LTE repeater TDD switch timing accuracy requirement
The test cases are designed that any of the TDD UL/DL configurations should be supported.
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