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Introduction
In RAN4#94-ebis meeting, RAN4 discussed the impacts of multi-TRP transmission on MRTD/MTTD requirements for intra-band EN-DC and intra-band CA scenarios.
Discussion
[bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]For NR multi-TRP/panel transmission, the TRPs can be geographically separated, resulting in quite different transmission path from different TRPs to the UE. In RAN1, UE receive timing difference between two TRPs is assumed to be within on CP length. In this section, we provide the discussion on whether the existing MRTD/MTTD requirements can be applied
Intra-band EN-DC MRTD/MTTD in multi-TRP transmission
In last RAN4 meeting, the following agreements have been achieved in [1]
	· The necessity of change on intra-band EN-DC MRTD/MTTD to enable multi-TRP transmission
· Option 1: To remove Rel-15 co-located deployment assumption for intra-band EN-DC, the following three text proposals is adopted to MRTD/MTTD requirement in TS38.133: 
· “For intra-band EN-DC, only co-located deployment is applied.” is changed to “For intra-band EN-DC without multi-TRP transmission in NR PSCell, only co-located deployment is applied.” In Section 7.5.3/7.6.3.
· Additional Note is captured in Table 7.5.3-1, i.e., “Note 3: In the case of multi-TRP transmission deployed, the requirement of maximum transmission timing difference shall not be applicable to NR signals to multiple TRPs.”
· Additional Note is captured in Table 7.6.3-1, i.e., “Note 2: In the case of multi-TRP transmission deployed, the requirement of maximum receive timing difference shall not be applicable to NR signals from multiple TRPs. If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation shall be expected.”
· Option 2: Don’t change existing intra-band EN-DC MRTD/MTTD requirements due to multi-TRP transmission. 


In TS38.133, the existing MRTD/MTTD requirements for intra-band synchronous EN-DC are applicable only in co-located deployment. It requires UE to be able to handle 3us maximum receive timing difference between LTE Cell subframe boundary and NR Cell slot boundary. When multi-TRP transmission is applied for NR PSCell, LTE PCell and one TRP of NR PSCell need to be co-located, as shown in Figure 1.
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Figure 1: An illustration of intra-band EN-DC operation with NR multi-TRP transmission
It is assumed that LTE PCell and NR PSCell TRP1 are co-located in Rel-15 for intra-band EN-DC operation. In Rel-16, TRP2 is added to NR PSCell for multi-TRP transmission. Then, the receive timing for LTE PCell, NR PSCell TRP1 and NR PSCell TRP2 can be shown in Figure 2.
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Figure 2: An illustration of LTE subframe boundary and NR slot boundary for intra-band EN-DC operation with NR multi-TRP transmission
The slot boundary of NR PSCell is determined by UE based on the detection of received downlink signals. In Figure 2-(a) and 2-(d), no matter which TRP is chosen by UE to determine the slot boundary of NR PSCell, the receive timing difference between LTE PCell and NR PSCell can be limited within 3us. In Figure 2-(b) and 2-(c), UE could use TRP1 to determine the slot boundary of NR PSCell, and the receive timing difference between LTE PCell and NR PSCell also can be limited within 3us. UE still could use single FFT to receive the signals of LTE PCell and NR PSCell. Although a fractional part of the signal missing on TRP2 might cause some NR demodulation performance degradation, but this performance degradation can be compensated by spatial diversity gain due to multi-TRP transmission. So, the current MRTD/MTTD requirements for intra-band synchronous EN-DC still can be applicable in multi-TRP transmission.
Proposal 1: The existing MRTD/MTTD requirements for synchronous intra-band EN-DC can be applied to multi-TRP transmission in NR PSCell.

Intra-band CA MRTD in multi-TRP transmission
For FR1 intra-band CA, the follow two options are considered to enable multi-TRP transmission.
	· The necessity of change on FR1 intra-band CA MRTD to enable multi-TRP transmission
· Option 1: To remove Rel-15 co-located deployment assumption for intra-band CA, the following two text proposals is adopted to MRTD requirement in TS38.133: 
· “For intra-band CA, only co-located deployment is applied.” is changed to “For intra-band CA without multi-TRP transmission, only co-located deployment is applied.” In Section 7.6.4.
· Additional Note is captured in Table 7.6.4-1, i.e., “Note 2: In the case of multi-TRP transmission deployed, the requirement of maximum receive timing difference shall not be applicable to NR signals from multiple TRPs.”
· Option 2: Don’t change existing FR1 intra-band CA MRTD due to multi-TRP transmission.


In TS38.133, the existing MRTD requirement for intra-band CA is defined as 3us and applicable only in co-located deployment. Figure 3 shows the multi-TRP transmission in NR intra-band CA operation.
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Figure 3: An illustration of multi-TRP transmission in NR intra-band CA 
The receive time difference between two CCs from same TRP can be limited with 3us. Usually, the UE determines the slot boundaries of CC1 and CC2 according to the signals received from the same TRP. So, no matter which TRP is chosen by UE to determine the slot boundary, the receive timing difference between two CCs can be limited within 3us. The signals received from other TRP(s) will be considered as a multi-path signals and bring spatial diversity gain. 
Proposal 2: The existing MRTD requirements for FR1 intra-band CA can be applied to multi-TRP transmission.

Conclusions
This contribution provides our analysis on the impacts of multi-TRP transmission on MRTD/MTTD requirements for NR eMIMO. The following are provided:
Proposal 1: The existing MRTD/MTTD requirements for synchronous intra-band EN-DC can be applied to multi-TRP transmission in NR PSCell.
Proposal 2: The existing MRTD requirements for FR1 intra-band CA can be applied to multi-TRP transmission.
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