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Introduction
In this contribution, we provide our views on reliability/robustness enhancements with multi-TRP/panel (M-TRP) transmission. 


Reliability/robustness enhancements with M-TRP transmission
URLLC scheme differentiation
[bookmark: _GoBack]In RAN1#98 and RAN1#98bis meeting, the following was agreed [1][2]:

Agreements in RAN1#98

Agreement
For single-DCI based M-TRP URLLC scheme 2a and 2b: 
· The number of TCI states is 2
· Support up to 2 transmission layers for scheme 2a 

Agreement
For single-DCI based M-TRP URLLC scheme 3 & 4 
· The maximum number of TCI states is 2
· Resource allocation in time domain:
· Support same number of consecutive symbols scheduled for transmission occasion 
· For scheme 3 
· All transmission occasions are in a single slot by NW implementation without dropping. 
· FFS for DL/UL switching within the slot  


Agreements in RAN1#98bis

Agreement
For single-DCI based M-TRP URLLC schemes, the number of transmission occasions is indicated by following:
· For scheme 3, the number of transmission occasions is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one transmission occasion and two states means two transmission occasions. 
· For scheme 4, TDRA indication is enhanced to additionally indicate the number of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field. 
· The maximum number of repetition is FFS.

Agreement
For single-DCI based M-TRP URLLC scheme 4, the same value of SLIV is applied to all transmission occasions.

Agreement
For single-DCI based M-TRP URLLC scheme differentiation among schemes 2a/2b/3, from the UE perspective: 
· A new RRC parameter is introduced to enable [one scheme/multiple schemes] among 2a/2b/3. 
· FFS on details
· Note: dynamic switching between schemes (including fallback) is a separate discussion


Generally, a situation, where URLLC TB may occur, is associated with various types of requirements, i.e., reliability and latency, while eMBB data is transmitting. Regarding URLLC scheme differentiation among multiple schemes by RRC signalling, if only one scheme is enabled, it will not be able to satisfy requirements depending on channel condition. In addition, taking into considering the service type up to now, different services can be simultaneously used. Therefore, flexible configuration of proper URLLC scheme is important. Hence, we think dynamic switching between multiple schemes is certainly needed, and multiple schemes among 2a/2b/3 (including all schemes) should be enabled by RRC signalling. 

Regarding dynamic switching between multiple schemes, we think the combination of antenna port field (DMRS port table) and time domain resource allocation field (PDSCH-TimeDomainResourceAllocation) can be indicated various types of URLLC schemes, e.g., combined scheme, change of the number of transmission occasion. 

Proposal 1: For single DCI-based M-TRP URLLC scheme differentiation, multiple schemes among 2a/2b/3 (including all schemes) should be enabled by RRC signalling. 
Proposal 2: To switch multiple URLLC schemes dynamically, a combination of antenna port field and PDSCH time domain resource allocation field should be supported. 


Consideration on introducing TDM (Scheme 3 or 4) based combined scheme

In order to make more reliable communication with M-TRP, a combination of TDM (Scheme 3 or 4) and FDM/SDM, i.e., combined scheme, can be considered. Taking into consideration that multiple schemes have already agreed and differentiation of schemes was discussed so far, it may be needed to avoid increasing complexity. 

For Scheme 4, it has already agreed that the maximum number of TCI states is 2 and the number of transmission is indicated by using PDSCH-TimeDomainResourceAllocation field. As the maximum number of TCI states is same for TDM and FDM/SDM scheme, for Scheme 4 based combined scheme, it is necessary that each TCI state will not change across the slot. In that case, considering that additional frequency/time diversity gain, 4 times of transmission occasion is enough at this stage. 

In order to indicate Scheme 4 based combined scheme, this should be interpreted as multiple-slots repetition based on single-slot based FDM/SDM scheme. From the previous meetings so far, it has agreed that RAN1 will at least introduce enhanced PDSCH time domain resource allocation field including the number of transmission occasions (URLLCRepNum) and new RRC parameter to enable URLLC scheme(s). In that case, one of the FDM scheme (2a/2b) is enabled and 4 times of transmission occasion is indicated, it can be interpreted as enabling Scheme 4 based combined scheme (Scheme 4 + Scheme 2a/2b). In this way, RAN1 can indicate Scheme 4 + Scheme 2a/2b dynamically as well as scheme differentiation among Scheme 2a/2b/3 using framework we’ve agreed so far. Hence we propose 

Proposal 3: The maximum number of PDSCH transmission occasions (URLLCRepNum) should support at least up to 4. 
Proposal 4: Multiple-slots based Scheme 2a/2b should be enabled if one of the FDM scheme (2a/2b) is enabled and 4 times of transmission occasion is indicate by using URLLCRepNum in PDSCH-TimeDomainResourceAllocation. 
· Note: each TCI state across the slots doesn’t change. 


For Scheme 3, it seems that the maximum number of TCI states is same as Scheme 4 but the number of transmission occasion is implicitly determined by the number of TCI states indicated by a code point. In order to indicate Scheme 3 based combined scheme, considering that 4 times of transmission occasions across the mini-slots, the combination of following conditions is satisfied, 

Antenna port field: Indicate one of the FDM scheme (Scheme 2a/2b)
Scheme differentiation: Enable TDM scheme (Scheme 3) 
The number of transmission occasions: 4


Proposal 5: The combination of following conditions should be satisfied to indicate scheme 3 based combined scheme (Scheme 3 + Scheme 2a/2b), 
Antenna port field: Indicate one of the FDM scheme (Scheme 2a/2b)
Scheme differentiation: Enable TDM scheme (Scheme 3) 
The number of transmission occasions: 4


Frequency resource allocation on each transmission occasions state for TDM scheme 
In RAN1#98bis meeting, the following was agreed:

Agreement
For single-DCI based M-TRP URLLC scheme 4, for TCI state mapping to PDSCH transmission occasions, 
· Both options 1 and 2 are supported and switched by RRC signalling
· Option 1: support Cyclical mapping, e.g. TCI states #1#2#1#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· Option 2: support Sequential mapping, e.g. TCI states #1#1#2#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated
· For more than 4 transmission occasions, above is repeated (for example, 8 transmission occasion in case of option 2: #1#1#2#2#1#1#2#2)
· FFS: The mapping between RV sequence and transmission occasions if the offset between the DCI and scheduled PDSCH is less than the threshold
· FFS: Whether both or one of the options is UE optional or not

As described above agreement, TCI mapping to PDSCH transmission occasions have two options, which one is cyclical mapping and another one is sequential mapping. We think that RAN1 may still have potential enhancement whether frequency resource allocation on each transmission occasions is same or different. On this issue, some scenarios can be considered in figures below;


Figure 1 TCI states mapping on transmission occasion {#1, #2, #1, #2}


Figure 2 TCI state mapping on transmission occasion {#1, #1, #2, #2}

In each scenario, 4 or 2 times of transmission occasions is considered for each TCI state respectively. A difference between Figure 1 and Figure 2 is TCI state mapping on transmission occasion, which Figure 1 is composed by TCI states {#1, #2, #1, #2} while Figure 2 is composed by TCI states {#1, #1, #2, #2}. A difference between scenarios on the same figure is frequency allocation on each transmission occasion for each TCI state. In all scenarios, things in common are that each TCI state must use different frequency resources on 2nd transmission occasion compared to 1st transmission occasion. What we would like to mention here is that to enhance reliability/robustness with Scheme 4, not only time domain diversity but also frequency diversity gain should be considered if the number of indicated transmission occasions is larger than the number of configured TCI states. Considering that blockage scenario, if one of the paths cannot use, frequency diversity is key technology to keep communication reliable. 

In order to apply different frequency allocation to each TCI state’s transmission occasion, frequency hopping mechanism defined in Rel-15 Type 1/Type 2 configured grant PUSCH transmission can be used for PDSCH repetition transmission because frequency hopping is not defined in downlink transmission even if single TRP based transmission. 

Proposal 6: Different frequency resource allocation for each transmission occasion for each TCI state respectively using frequency hopping mechanism in Rel-15 configured grant UL transmission should be supported if the number of indicated repetitions is larger than the number of configured TCI states. 


Conclusion
In this contribution, we discussed multi-TRP/panel transmission for reliability/robustness enhancements. Based on the discussion, our views are summarized as follows.

Proposal 1: For single DCI-based M-TRP URLLC scheme differentiation, multiple schemes among 2a/2b/3 (including all schemes) should be enabled by RRC signalling. 

Proposal 2: To switch multiple URLLC schemes dynamically, a combination of antenna port field and PDSCH time domain resource allocation field should be supported. 

Proposal 3: The maximum number of PDSCH transmission occasions (URLLCRepNum) should support at least up to 4. 

Proposal 4: Multiple-slots based Scheme 2a/2b should be enabled if one of the FDM scheme (2a/2b) is enabled and 4 times of transmission occasion is indicate by using URLLCRepNum in PDSCH-TimeDomainResourceAllocation. 
· Note: each TCI state across the slots doesn’t change. 

Proposal 5: The combination of following conditions should be satisfied to indicate scheme 3 based combined scheme (Scheme 3 + Scheme 2a/2b), 
Antenna port field: Indicate one of the FDM scheme (Scheme 2a/2b)
Scheme differentiation: Enable TDM scheme (Scheme 3) 
The number of transmission occasions: 4

Proposal 6: Different frequency resource allocation for each transmission occasion for each TCI state respectively using frequency hopping mechanism in Rel-15 configured grant UL transmission should be supported if the number of indicated repetitions is larger than the number of configured TCI states. 
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