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1	Introduction
The Rel-16 MIMO enhancement work item was approved in RAN#80 with a list of enhancement areas including enhancements on multi-TRP/panel transmission, i.e.,  
	<Captured in latest Rel-16 eMIMO WID>
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI


In last meeting, RAN4 had not yet identified RRM impact due to enhancement on multi-TRP transmission, but agreed to further discuss on this issue, as captured in WF [2, R4-2005335]. 
	<Agreement captured in WF [2]>
· 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.
· The necessity of change on FR1 intra-band CA MRTD to enable multi-TRP transmission
· The MRTD requirement in FR1 for intra-band CA with multiple TRPs shall be further studied in RAN4:
· 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.
· The necessity of change on FR2 intra-band CA MRTD to enable multi-TRP transmission:
· No need to change MRTD requirement for FR2 intra-band CA scenario


In this discussion paper, we would like to further provide our analysis and view on this impact.

2 Discussion
The following MRTD/MTTD requirement may have potential limitation on multi-TRP transmission. Specifically, for intra-band EN-DC and intra-band NR CA, co-located deployment is assumed in Rel-15 RAN4 RRM discussion, with the following highlighted contents specified in TS38.133: 
	<Captured from TS38.133>
7.5.3	Minimum Requirements for intra-band EN-DC
For intra-band EN-DC, only co-located deployment is applied.
The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.2-1 for E-UTRA FDD-NR FDD intra-band EN-DC provided the UE indicates that it is capable of asynchronous EN-DC operation [2].
The UE shall be capable of handling a maximum uplink transmission timing difference between E-UTRA PCell and PSCell as shown in Table 7.5.3-1 for E-UTRA TDD-NR TDD and E-UTRA FDD-NR FDD intra-band EN-DC provided the UE does not indicate that it is capable of asynchronous FDD-FDD EN-DC operation [16].
Table 7.5.3-1: Maximum uplink transmission timing difference requirement for intra-band synchronous EN-DC
	Sub-carrier spacing in E-UTRA PCell (kHz)
	UL Sub-carrier spacing for data in PSCell (kHz)
	Maximum uplink transmission timing difference (µs)

	15
	15
	5.21Note1,Note 2

	15
	30
	5.21Note 2

	15
	60
	5.21 Note 2

	NOTE 1:	This is not applicable for a UE which indicates the capability of only supporting single UL timing (ul-TimingAlignmentEUTRA-NR is signalled). Single UL timing for E-UTRA and NR cell is assumed for this UE.
NOTE 2:	If the transmission timing difference exceeds the cyclic prefix length of the UL Sub-carrier spacing for data in PSCell, NR UE Tx EVM degradation is expected for the symbol that is overlapping the LTE subframe boundary



    ……
7.6.3	Minimum Requirements for intra-band EN-DC
For intra-band EN-DC, only co-located deployment is applied.
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from a E-UTRA cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG as shown in Table 7.6.2-1 for E-UTRA FDD-NR FDD intra-band EN-DC provided the UE indicates that it is capable of asynchronous EN-DC operation [2].
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from a E-UTRA cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG as shown in Table 7.6.3-1 for E-UTRA FDD-NR FDD and E-UTRA TDD-NR TDD intra-band EN-DC provided the UE does not indicate that it is capable of asynchronous FDD-FDD EN-DC operation [16]. 
Table 7.6.3-1 Maximum receive timing difference requirement for intra-band synchronous EN-DC
	Sub-carrier spacing of E-UTRA cell in MCG (kHz)
	DL Sub-carrier spacing of cell in SCG (kHz) Note1
	Maximum receive timing difference (µs)

	15
	15
	3

	15
	30
	3

	15
	60
	3

	NOTE 1:	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.



Table 7.6.3-2	Void

7.6.4	Minimum Requirements for NR Carrier Aggregation
For intra-band CA, only co-located deployment is applied. For intra-band non-contiguous NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to be aggregated at the UE receiver as shown in Table 7.6.4-1 below.
Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	31

	FR2
	0.26

	Note 1: 	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.



For inter-band NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of all pairs of carriers to be aggregated at the UE receiver as shown in Table 7.6.4-2 below.
Table 7.6.4-2: Maximum receive timing difference requirement for inter-band NR carrier aggregation
	Frequency Range of the pair of carriers
	Maximum receive timing difference (µs) 

	FR1
	33

	FR2
	8

	Between FR1 and FR2
	25 





The problem of how to handle this Rel-15 restriction to enable multi-TRP discussion should be addressed in Rel-16 eMIMO work item. 
2.1 Intra-band EN-DC MRTD/MTTD
For intra-band EN-DC, only co-located deployment is assumed in Rel-15, which means the signals from eNB and gNB should comes from the same base station site with no propagation delay observed. However, if the NR cell formed by gNB consist of two TRPs with different geographic location, the propagation delay could be observed between LTE PCell and NR PSCell in the non-co-located TRP as below figure illustrates. 


Then the question should be answered firstly should be: 
· Whether or not current MRTD/MTTD requirement for intra-band EN-DC and FR1 intra-band CA for co-located deployment will restrict Rel-16 Multi-TRP transmission in NR RAT?
To answer this question, companies had different observation, specifically, companies may claim the above multi-TRP transmission has at least one TRP co-located deployed with LTE PCell, therefore the scenario should be regarded as “co-located deployment”. However if we look at the requirement from reader perspective, reader may not be familiar with how the co-located deployment restriction comes from and may regard this requirement as the evidence to confine NR multi-TRP transmission, which is totally not the original intention from RAN4. Furthermore, RAN4 already decided that “No need to change MRTD requirement for FR2 intra-band CA scenario”, so if the requirements are not clarified, RAN4’s intention of enabling NR multi-TRP transmission in intra-band EN-DC and FR1 intra-band CA, but not for FR2 intra-band CA requirement will be not clear to readers.  
Observation 1: Current MRTD/MTTD requirement for intra-band EN-DC and FR1 intra-band CA for co-located deployment restricts Rel-16 Multi-TRP transmission in NR RAT. 

Specifically for intra-band EN-DC, based on observation 1, we have the following proposal by removing this restriction: 
Proposal-1: Rel-15 co-located deployment assumption for intra-band EN-DC needs to be removed if multi-TRP transmission is scheduled in NR PSCell. 
Accordingly, the following text proposal is proposed to achieve the purpose of Proposal 1: 
Proposal-2: RAN4 adopt the following text proposal to intra-band EN-DC MRTD/MTTD requirement in TS38.133 to allow multi-TRP transmission scheduled in NR PSCell: 
  - “For intra-band EN-DC, only co-located deployment is applied.” is changed to “For intra-band EN-DC without multi-TRP transmission scheduled 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 scheduled in NR PSCell, the requirement of maximum transmission timing difference shall not be applicable to NR signal to TRP which is non-co-located with E-UTRA PCell.”

On the other hand, when multi-TRP transmission is discussed in RAN4 Demod session, the following RAN1 agreement is followed, i.e., 
	<RAN1 agreement>
Note that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. Companies are encouraged to clarify time/frequency synchronization assumptions for proposed multi-TRP/panel DL transmission. 
<RAN4 agreement>
Assumption for UE receiver implementation
· The test case design should be ensure receiver implementation agnostic with assumption of single FFT operation. 
Timing offset configuration 
· Define with timing offset between two TRPs, the timing offset setting should be ensured that all paths from TRPs are within CP


As mentioned above, RAN4 specified Demod requirement with timing offset setting less than one CP length while the test case design should be ensure receiver implementation agnostic with assumption of single FFT operation. 
Observation 2: RAN4 will specify Demod requirement with timing offset setting less than one CP. 

From RRM perspective, although we can’t restrict MRTD/MTTD if multi-TRP is utilized, we should still allow UE to have performance degradation if MRTD exceeds the CP length of that SCS. 
Proposal-3: RAN4 adopt the following text proposal to intra-band EN-DC MRTD requirement in TS38.133 to allow performance degradation in UE side if multi-TRP transmission scheduled in NR PSCell and intra-band EN-DC MRTD exceed CP length of that SCS: 
  - Additional Note is captured in Table 7.6.3-1, i.e., “Note 2: In the case of multi-TRP transmission scheduled in NR PSCell, the requirement of maximum receive timing difference shall not be applicable to NR signal from TRP which is non-co-located with E-UTRA PCell. If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation shall be expected.”

2.2 Intra-band CA MRTD
Similar story applies to intra-band FR1 CA scenario, in which MRTD requirement is defined under the consumption of co-located deployment. To remove the restriction for multi-TRP deployment and also take UE performance degradation into account, the following proposal is provided: 
Proposal-4: To remove Rel-15 co-located deployment assumption for FR1 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 FR1 intra-band CA without multi-TRP transmission and FR2 intra-band CA, 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 scheduled in NR cell, the requirement of maximum receive timing difference shall not be applicable to NR signal from TRP which is non-co-located with other cell(s).”

3 Conclusion
In this paper, we provided our analysis and view on the potential impact on MRTD/MTTD requirement due to the newly introduced multi-TRP transmission, with following observations and proposals: 
For intra-band EN-DC: 
Observation 1: Current MRTD/MTTD requirement for intra-band EN-DC and FR1 intra-band CA for co-located deployment restricts Rel-16 Multi-TRP transmission in NR RAT. 
Proposal-1: Rel-15 co-located deployment assumption for intra-band EN-DC needs to be removed if multi-TRP transmission is scheduled in NR PSCell. 
[bookmark: _GoBack]Proposal-2: RAN4 adopt the following text proposal to intra-band EN-DC MRTD/MTTD requirement in TS38.133 to allow multi-TRP transmission scheduled in NR PSCell: 
  - “For intra-band EN-DC, only co-located deployment is applied.” is changed to “For intra-band EN-DC without multi-TRP transmission scheduled 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 scheduled in NR PSCell, the requirement of maximum transmission timing difference shall not be applicable to NR signal to TRP which is non-co-located with E-UTRA PCell.”
Observation 2: RAN4 will specify Demod requirement with timing offset setting less than one CP. 
Proposal-3: RAN4 adopt the following text proposal to intra-band EN-DC MRTD requirement in TS38.133 to allow performance degradation in UE side if multi-TRP transmission scheduled in NR PSCell and intra-band EN-DC MRTD exceed CP length of that SCS: 
  - Additional Note is captured in Table 7.6.3-1, i.e., “Note 2: In the case of multi-TRP transmission scheduled in NR PSCell, the requirement of maximum receive timing difference shall not be applicable to NR signal from TRP which is non-co-located with E-UTRA PCell. If the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation shall be expected.”
For FR1 intra-band CA: 
Proposal-4: To remove Rel-15 co-located deployment assumption for FR1 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 FR1 intra-band CA without multi-TRP transmission and FR2 intra-band CA, 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 scheduled in NR cell, the requirement of maximum receive timing difference shall not be applicable to NR signal from TRP which is non-co-located with other cell(s).”
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